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The Appellants appeal the rejection of Claims 1-5 in the above-captioned patent 
application. These claims were rejected in a final Office Action dated July 6, 2005. Appellants 
mailed a Notice of Appeal October 5, 2005. 

I. REAL PARTY IN INTEREST 

Pursuant to 37 C.F.R. 41.37(c)(1), Appellants hereby notify the Board of Patent Appeals 
and Interferences that the real party in interest is the assignee of record for this application, 
Genentech, Inc., 1 DNA Way, South San Francisco, CA 94080. 

IL RELATED APPEALS AND INTERFERENCES 

A Notice of Appeal has been filed in the related Application Nos. 10/063,519; 
10/063,560; 10/063,591; 10/063,617; 10/063,661; 10/063,713; and 10/063,640. A Notice of 
Appeal and an Appeal Brief have also been filed in the related Application Nos. 10/063,661; 
10/063,530; 10/063,534; 10/063,540; 10/063,578; 10/063,584; 10/063,586, 10/063,587; 
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10/063,616; 10/063,648; 10/063,652; 10/063,653; 10/063,659; and 10/063,660. Appellants are 
unaware of any other related appeals or interferences. 

III. STATUS OF THE CLAIMS 

The above-captioned application was filed with Claims 1-6. Claim 1 was amended and 
Claim 6 was canceled in an Amendment and Response to Office Action dated April 11, 2005. 
Claim 1 was further amended in the Amendment and Response to Final Office Action dated 
September 2, 2005. Accordingly, Claims 1-5 are the subject of this appeal. The claims at issue 
are attached hereto as Appendix A. 

IV. STATUS OF AMENDMENTS 

Claims 1-5 were finally rejected by the Examiner in a final Office Action mailed July 6, 
2005. Appellants mailed a Response to Final Office Action on September 2, 2005, amending 
Claim 1. The Examiner issued an Advisory Action dated September 30, 2005, which indicated 
that the amendment to Claim 1 was entered. The Examiner issued an Advisory Action on 
November 8, 2005 indicating that the evidence submitted in the Response to Final Office Action 
(which was resubmitted with the Notice of Appeal on October 5, 2005) was of record. 

V. SUMMARY OF THE CLAIMED SUBJECT MATTER 

Independent Claim 1 reads: 

1 . An isolated antibody that specifically binds to the polypeptide of SEQ ID NO: 82. 

Various aspects of the claimed antibodies are described in the specification at, for 
example, paragraphs [0024], [0225], [0238]-[0248], and [0361]-[0405], and Figure 82. SEQ ID 
NO: 82 is disclosed in the Sequence Listing appended to the application. 

VL GROUNDS OF REJECTION TO BE REVIEWED ON APPEAL AND GROUPING 
OF THE CLAIMS 

The Examiner has rejected Claims 1-5 under 35 U.S.C. § 101, stating that the claimed 
invention is not supported by either a specific and substantial asserted utility or a well- 
established utility. 



-2- 



AppL No. : 10/063,592 

Filed : May 3, 2002 



The Examiner also has rejected Claims 1-5 under 35 U.S.C. § 112, first paragraph, as 
lacking enablement. The Examiner asserts that since the claimed invention is not supported by 
either a specific or substantial asserted utility or a well-established utility, one skilled in the art 
would not know how to use the claimed invention. 

The Examiner also has rejected Claims 1-5 under 35 U.S.C. § 102(b) as being anticipated 
by WO 00/70049. The Examiner asserts that this publication discloses all claim limitations. The 
Examiner states that the cited reference is properly prior art because the instant specification and 
priority documents do not meet the requirements of 35 U.S.C. § 112, first paragraph, and, 
therefore, the claims are not entitled to the benefit of priority to the earlier filed applications. 

Claims 1-5 can be considered as a group for purposes of the utility, enablement and 
anticipation rejections. 

VII. APPELLANTS^ ARGUMENT 
A. Summary of the Arguments 

1. Utility Rejection 

The first issue before the Board is whether Appellants have asserted at least one "specific, 
substantial, and credible utility" for the claimed invention. See Examination Guidelines, 66 Fed. 
Reg. 1092 (2001). Appellants have asserted that the claimed antibodies to the polypeptide of 
SEQ ID NO: 82 (the PRO 1557 polypeptide) are useful as diagnostic tools for cancer, particularly 
for esophageal and kidney cancer. This asserted utility is specific, substantial, and credible. 

Briefly stated, Appellants' asserted utility is based in part on the disclosure in Example 

18 of the instant application that the mRNA encoding the PR01557 polypeptide is more highly 

expressed in esophageal and kidney tumor tissue compared to normal esophageal and kidney 

tissue, respectively. It is well-established that there is a reasonable correlation between changes 

in mRNA level for a particular gene and a corresponding change in the level of expression of the 

encoded polypeptide, such that increasing or decreasing the amount of mRNA for a particular 

gene leads to a corresponding increase or decrease in the amount of the encoded protein. Thus, 

one of skill in the art would be more likely than not to believe that, like the PRO 1557 mRNA, 

the PRO 1557 protein is more highly expressed in esophageal and kidney tumor tissue compared 

to normal esophageal and kidney tissue, respectively. This differential expression of PRO 1557 

polypeptide is useful for distinguishing esophageal and kidney tumor tissue from its normal 
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tissue counterpart. Therefore, the claimed antibodies have a specific, substantial and credible 
utility as diagnostic tools for cancer, particularly esophageal and kidney cancer, as is explained 
in more detail below. 

2. Enablement Rejection 

The second issue before the Board is whether Appellants have enabled the pending 
claims such that one of skill in the art would be able to make and use the claimed invention. The 
Examiner has rejected Claims 1-5 under 35 U.S.C. §112, first paragraph, arguing that the 
claimed subject matter was not described in the specification in such a way as to enable one 
skilled in the art to use the invention. The Examiner recites the factors for determining 
enablement from In re Wands, 858 F.2d 731, 8 U.S.P.Q. 2d 1400 (Fed. Cir. 1988), relying on the 
arguments made in support of the rejection for lack of utility. 

Appellants submit that Claims 1-5 are enabled such that one of skill in the art could make 
and use the claimed antibodies without undue experimentation. The Examiner's basis for 
rejection of the claims is grounded on the lack of utility rejection. Appellants submit that since 
the claimed antibodies have utility, and since the enablement rejection is grounded on the lack of 
utility rejection, the claimed antibodies also are enabled. Notwithstanding the foregoing, 
Appellants submit that the specification fully enables how to make and use the claimed 
antibodies, and it was well within the knowledge of those skilled in the art how to make 
antibodies which are specific to a disclosed polypeptide sequence. See In re Wands, 858 F.2d 
731 (reversing the Board's decision of non-enablement and holding that as of 1980, undue 
experimentation was not required to make high-affinity monoclonal antibodies to a target 
peptide). Thus, one of skill in the art would be able to make and use the claimed antibodies 
without undue experimentation, and the Examiner has not made any arguments to the contrary. 

3. Anticipation Rejection 

The third issue before the Board is whether Claims 1-5 are anticipated under 35 U.S.C. 
§ 102(b) by a published PCT application cited by the Examiner. The cited publication was 
published in November 23, 2000. Appellants claim priority to applications dating as early as 
1998. The subject matter of the present application was disclosed in, and therefore is entitled to 
the priority date of, a priority application filed August 24, 2000. The Examiner states that the 
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present application is not entitled to an earlier priority date because neither the present 
application nor any earlier application supports the claimed subject matter in accordance with 35 
U.S.C. §112. Appellants submit that because the claims are fully supported by the specification 
and the priority documents, Appellants are entitled to a filing date of no later than August 24, 
2000. In view of Appellants priority date, the cited reference cannot be prior art under 35 U.S.C. 
§ 102(b). 

B. Utility Rejection 

The first issue before the Board is whether Appellants have asserted at least one "specific, 
substantial, and credible utility." See Examination Guidelines ("Utility Guidelines"), 66 Fed. 
Reg. 1092 (2001). Appellants have asserted that the claimed antibodies are useful as diagnostic 
tools for cancer, particularly for esophageal and kidney cancer. This asserted utility is specific, 
substantial, and credible. 

!• Claim Grouyins 

For the utility rejection. Appellants group all of Claims 1-5 in a single group. 
2. Summary of Appellants* Arsuments 

Appellants' asserted utility is based in part on the disclosure in Example 1 8 of the instant 
application that the mRNA encoding the PRO 1557 polypeptide is more highly expressed in 
esophageal and kidney tumor tissue compared to normal esophageal and kidney tissue, 
respectively. It is well-established that there is a reasonable correlation between changes in 
mRNA level for a particular gene and a corresponding change in the level of expression of the 
encoded polypeptide, such that increasing or decreasing the amount of mRNA for a particular 
gene leads to a corresponding increase or decrease in the amount of the encoded protein. Thus, 
one of skill in the art would be more likely than not to believe that, like the PRO 1557 mRNA, 
the PRO 1557 protein is more highly expressed in esophageal and kidney tumor tissue compared 
to normal esophageal and kidney tissue, respectively. This differential expression of PRO 1557 
polypeptide is useful for distinguishing esophageal and kidney tumor tissue from its normal 
tissue counterpart. Therefore, the claimed antibodies to the PRO 1557 polypeptide have a 
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specific, substantial and credible utility as diagnostic tools for cancer, particularly esophageal 
and kidney cancer, as is explained in more detail below. 

3. Detailed Atsuments 

a. Utility - Lesal Standard 

A "specific utility" is defined as utility which is "specific to the subject matter claimed," 
in contrast to "a general utility that would be applicable to the broad class of the invention." See 
M.P.E,P. § 2107.01 1. For example, it is generally not enough to state that a nucleic acid is 
useful as a diagnostic tool without also identifying the condition that is to be diagnosed. 

The requirement of "substantial utility" defines a "real world" use, and derives from the 
Supreme Court's holding in Brenner v. Manson, 383 U.S. 519, 534 (1966) stating that "[t]he 
basic quid pro quo contemplated by the Constitution and the Congress for granting a patent 
monopoly is the benefit derived by the public from an invention with substantial utility." In 
explaining the "substantial utility" standard, M.P.E.P. § 2107.01 cautions, however, that Office 
personnel must be careful not to interpret the phrase "immediate benefit to the public" or similar 
formulations used in certain court decisions to mean that products or services based on the 
claimed invention must be "currently available" to the public in order to satisfy the utility 
requirement. "Rather, any reasonable use that an applicant has identified for the invention that 
can be viewed as providing a public benefit should be accepted as sufficient, at least with regard 
to defining a 'substantial' utility." M,P.KP, § 2107.01 (emphasis added); see also Nelson v. 
Bowler 626 F.2d 853, 856, 206 U.S.P.Q. 881, 883 (CCPA 1980). 

Indeed, the Guidelines for Examination of Applications for Compliance With the Utility 
Requirement, set forth in M.P.E.P. § 2107 11(B)(1) gives the following instruction to patent 
examiners: "If the applicant has asserted that the claimed invention is useful for any particular 
practical purpose . . . and the assertion would be considered credible by a person of ordinary skill 
in the art, do not impose a rejection based on lack of utility." 

Finally, in assessing the credibility of the asserted utility, the M.P.E.P. states that "to 
overcome the presumption of truth that an assertion of utility by the applicant enjoys" the PTO 
must establish that it is "more likely than not that one of ordinary skill in the art would doubt (i.e., 
'question') the truth of the statement of utility." M.P.E.P, § 2107.02 III A. 
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b. Utility - Burden of Proof 

It is well established that a specification which contains a disclosure of utility which 
corresponds in scope to the subject matter sought to be patented "must be taken as sufficient to 
satisfy the utility requirement of § 101 for the entire claimed subject matter unless there is reason 
for one skilled in the art to question the objective truth of the statement of utility or its scope." In 
re Longer, 503 F.2d 1380, 1391, 183 U.S.P.Q. 288, 297 (C.C.P.A. 1974). Thus 'the PTO has the 
initial burden of challenging a presumptively correct assertion of utility in the disclosure." In re 
Brana, 51 F.3d 1560, 1566, 34 U.S.P.Q.2d 1436 (Fed. Cir. 1995). Only after the PTO provides 
evidence showing that one of ordinary skill in the art would reasonably doubt the asserted utility 
does the burden shift to the applicant to provide rebuttal evidence sufficient to convince such a 
person of the invention's asserted utility. Id 



Compliance with 35 U.S.C. § 101 is a question of fact. Raytheon v. Roper, 724 F.2d 951, 

956, 220 U.S.P.Q. 592, 596 (Fed. Cir. 1983), In re Ziegler, 992 F.2d 1 197, 1200, 26 U.S.P.Q.2d 

1600 (Fed. Cir. 1993), In re Fisher Case No. 04-1465. The evidentiary standard to be used 

throughout ex parte examination in setting forth a rejection is a preponderance of the evidence, 

or "more likely than not" standard. In re Oetiker, 977 F.2d 1443, 1445, 24 U.S.P.Q.2d 1443, 

1444 (Fed. Cir. 1992). This is stated explicitly in the M.P.E.P.: 

[T]he applicant does not have to provide evidence sufficient to establish that an 
asserted utility is true "beyond a reasonable doubt." Nor must the applicant 
provide evidence such that it establishes an asserted utility as a matter of 
statistical certainty. Instead, evidence will be sufficient if, considered as a whole, 
it leads a person of ordinary skill in the art to conclude that the asserted utility is 
more likely than not true . M.P.E.P. § 2107.02, part VII (emphasis in original, 
citations omitted). 

The Court of Appeals for the Federal Circuit has stated that the standard for satisfying the 

utility requirement is a low one: 

The threshold of utility is not high : An invention is "useful" under section 101 if 
it is capable of providing some identifiable benefit. See Brenner v. Manson, 383 
U.S. 519, 534, 86 S.Ct. 1033, 16 L.Ed,2d 69 (1966); Brooktree Corp. v. Advanced 
Micro Devices, Inc., 977 F.2d 1555, 1571 (Fed. Cir. 1992) ("To violate § 101 the 
claimed device must be totally incapable of achieving a useftil resulf); Fuller v. 
Berger, 120 F. 274, 275 (7th Cir. 1903) (test for utility is whether invention "is 



c. 



Utility - Standard of Proof 



-7- 



Appl. No. 
Filed 



10/063,592 
May 3, 2002 



incapable of serving beneficial end"). Juicy Whip, Inc. v. Orange Bang, Inc., 
185 F.3d 1364, 1366, 51 U.S.P.Q. 2d 1700 (Fed. Cir. 1999) (emphasis added). 

The low threshold for satisfying the utility requirement is reflected in the standard set by the 
Federal Circuit for invalidating a patent based on a lack of utility: "[T]he fact that an invention 
has only limited utility and is only operable in certain applications is not grounds for finding lack 
of utility. Some degree of utility is sufficient for patentability. Further, the defense of non- 
utility cannot be sustained without proof of total incapacity ." Envirotech Corp. v. Al George, 
Inc., 730 F.2d 753, 762, 221 U.S.P.Q. 473 (Fed. Cir. 1984) (emphasis added, citations omitted). 

Because the standard for satisfying the utility requirement is so low, requiring total 
incapacity for a finding of no utility, the M.P.E.P. cautions that: 

Rejections under 35 U.S.C. 101 have been rarely sustained by federal courts. 
Generally speaking, in these rare cases, the 35 U.S.C. 101 rejection was sustained 
[] because the applicant . . . asserted a utility that could only be true if it violated a 
scientific principle, such as the second law of thermodynamics, or a law of nature, 
or was wholly inconsistent with contemporary knowledge in the art. M,P,E.P, 
§ 2107.02 III B., citing In re Gazave, 379 F.2d 973, 978, 154 U.S.P.Q. 92, 96 
(C.C.P.A. 1967) (underline emphasis in original, italic emphasis added). 

d. Appellants Asserted a Specific, Substantial and Credible Utility that is 
Sufficient to Satisfy the Utility Requirement ofS 101 

The claimed subject matter is directed to antibodies that specifically bind to the 
polypeptide of SEQ ID NO: 82. The polypeptide of SEQ ID NO: 82 (referred to as "PR01557 
polypeptide") is encoded by the polynucleotide of SEQ ID NO: 81 (also referred to as 
DNA64902-1667). Specification at TIH [0103]-[0104]. Appellants have asserted that the claimed 
antibodies are usefiil as diagnostic tools for cancer, particularly esophageal and kidney cancer. 

In "Example 18: Tumor Versus Normal Differential Tissue Expression Distribution" 
Appellants disclose that the mRNA encoding PRO 1557 polypeptide is more highly expressed in 
esophageal and kidney tumor tissue compared to normal esophageal and kidney tissue, 
respectively. Specification at TJ^f [0529]-[0530] and accompanying tables. As explained in 
paragraph [0530], the differential expression of the PRO 1557 mRNA was detected using the 
well-established technique of quantitative PCR amplification of cDNA libraries isolated firom 
different human normal and tumor tissue samples. To ensure that equivalent amounts of nucleic 
acid were used in each reaction, the cDNA for p-actin was used as a control. 
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The specification teaches that identification of the differential expression of a PRO 
polypeptide-encoding mRNA in one or more tumor tissues as compared to one or more normal 
tissues of the same tissue type "renders the molecule useful diagnostically for the determination 
of the presence or absence of tumor in a subject suspected of possessing a tumor." Specification 
at f [0530]. The Examiner has recognized that the teachings in the specification of differential 
expression of the PR01557 mRNA are sufficient to establish a utility for the nucleic acid 
encoding PR01557 polypeptide: "[I]t is agreed that the polynucleotide of SEQ ID N0:81 has 
this specific utility." Final Office Action, at page 10. 

Appellants submit that because it is well established that changes in mRNA levels lead to 

changes in the level of the encoded protein, based on the teachings of the specification, one 

would expect the PRO 1557 protein to be differentially expressed in esophageal and kidney 

tumors. The specification states that PRO polypeptides "may also be used diagnostically for 

tissue typing, wherein the PRO polypeptides of the present invention may be differentially 

expressed in one tissue as compared to another, preferably in a diseased tissue as compared to a 

normal tissue of the same tissue type." Specification at T| [0336]. The specification also 

discloses that PRO polypeptides and polypeptides related thereto can be used to generate anti- 

PRO antibodies. Id. at ^ [0364] and \ [0367]. The specification teaches that such antibodies to 

PRO polypeptides can be useful as diagnostic tools: 

[A]nti-PRO antibodies may be used in diagnostic assays for PRO [polypeptide], 
e.g., detecting its expression (and in some cases, differential expression) in 
specific cells, tissues, or serum. Various diagnostic assay techniques known in 
the art may be used, such as competitive binding assays, direct or indirect 
sandwich assays and immunoprecipitation assays conducted in either 
heterogeneous or homogeneous phases. Specification at \ [0407]. 

Taken together, the specification clearly discloses the use of the claimed antibodies as 

tools in diagnosing cancer, particularly esophageal and kidney cancer. This utility is substantial, 

as one of skill in the art will recognize that the diagnosis of cancer is a "real world" use; it is 

specific, as the diagnosis of esophageal and kidney cancer is not a utility that applies to the broad 

class of antibodies; and it is credible, as it not a utility "that could only be true if it violated a 

scientific principle, ...or a law of nature, or [is] wholly inconsistent with contemporary 

knowledge in the art." M.P,KP, § 2107.02 III B., citing In re Gazave, 379 F.2d 973, 978, 154 

U.S.P.Q. 92, 96 (C.C.P.A. 1967). Because Appellants' specification contains a disclosure of 

utility which corresponds in scope to the claimed subject matter, the asserted utility "must be 
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taken as sufficient to satisfy the utility requirement of § 101 for the entire claimed subject matter 
unless there is reason for one skilled in the art to question the objective truth of the statement of 
utility or its scope." In re Langer, 503 F.2d 1380, 1391, 183 U.S.P.Q. 288, 297 (CC.P.A. 1974). 
Therefore, the burden of establishing a prima facie case of lack of utility rests with the PTO. See, 
In re Brana, 51 F.3d 1560, 1566, 34 U.S.P.Q.2d 1436 (Fed. Cir. 1995) ("the PTO has the initial 
burden of challenging a presumptively correct assertion of utility in the disclosure"). 

4. The Data in Example 18 are Data Resardins Differential mRNA Levels^ not 
Gene Amplification 

Appellants begin by clarifying that the data concerning the differential expression of the 
PRO 1557 gene presented in Example 18 relate to gene expression, not gene amplification . The 
description of Example 18 makes clear that the results were obtained by quantitative PGR 
amplification of cDNA libraries. It is well known in the art that cDNA libraries are made fi:om 
mRNA, and reflect the level of mRNA for a particular gene in the source tissue. Thus, Example 
18 is reporting a measure of the expression of the PRO 1557 gene, i,e,, mRNA levels, not its 
amplification, i.e., the number of copies of the PRO 1557 gene in the genome. 

For this reason, the relationship between gene amplification and the level of protein 
expression is not relevant to the instant application. The Examiner states 

Given how small the unknown amount that DNA copy number of PRO 1557 
decreased in tumors, and the evidence provided by Haynes et aL, Hu et al. and 
Fessler et al., one skilled in the art would not have assumed that a small decrease 
in gene copy number would correlate with significantly increased mRNA or 
polypeptide levels . The level of decrease of the encoding nucleic acid is not 
disclosed. One skilled in the art would have to do further research to determine 
whether or not the PRO 1557 polypeptide levels decreased significantly in the 
tumor samples. Such further research requirements make it clear that the asserted 
utility is not yet in currently available form, i.e., it is not substantial. Final Office 
Action, at page 6 (emphasis added). 

Thus, the Examiner interprets the cited references as evidence against Appellants asserted 

utility because the cited references allegedly stand for the proposition that gene copy number 

would not correlate with significantly increased mRNA or polypeptide levels. However, the 

correlation between gene copy number and mRNA/polypeptide levels is completely irrelevant to 

the instant application. Appellants have provided reliable evidence of differential PRO 1557 
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mRNA levels in certain tumors by examining cDNA libraries, not genomic DNA. Whether this 
differential mRNA expression is due to changes in gene copy number, transcription rates, a 
combination of these, or some other known or unknown cellular mechanism is simply not 
relevant to Appellants' asserted utility. Regardless of the cause, the differential expression of 
PR01557 mRNA and the resulting differential expression of PR01557 protein can be used as a 
molecular marker of esophageal and kidney cancer to assist in the diagnosis of these diseases. 

The issues before the Board will be greatly simplified if an understanding can be reached 
that the data in Example 18 reflect the level of mRNA for PRO 1557 expressed, i.e., the level of 
PR01557 gene expression, and not the number of copies of the PR01557 gene present in the 
genome, i.e., gene amplification. Once this is established, it is clear that the link between gene 
amplification and mRNA/polypeptide levels is not relevant to Appellants' asserted utility, and 
Appellants' references and declarations regarding the relationship between mRNA levels and 
protein levels are directly relevant. 

5. The Examiner's Arguments 

The Examiner has explained that the basis of the utility rejection "is the insufficiency of 
disclosure to support a specific and substantial or well established utility" because "there is 
critical information lacking which includes: whether differences in nucleic acid expression of 
PRO 1557 were significant, under what conditions differences could be detected, and what levels 
(relative or absolute) were detected in tumor and normal control, the skilled artisan cannot use 
(whether in vivo or in vitro) the claimed invention." Final Office Action, at pages 4-5. 

In response to Appellants arguments, the Examiner has asserted that "even if the 
encoding polynucleotide has utility, on [sic] cannot on that basis alone support a utility for the 
encoded protein or antibody because the prior art provides sufficient support to make a 
correlation between mRNA and encoded protein level unpredictable." Final Office Action, at 
pages 2-3. The Examiner further stated, "While one can find prior art that supports a 'significant 
probability' that mRNA and protein levels v^U correlate, there is influential art of record that 
requires the Examiner maintain that as a whole, the prior art does not provide a reasonable 
expectation that expression of the nucleic acid of SEQ ID N0:81 positively correlates with the 
expression of the protein of SEQ ID N0:82." Final Office Action, at page 5. As evidentiary 
support, the Examiner has cited Hu et al (J. Proteome Res., (2003) 2(4):405-12) as teaching that, 
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"for genes displaying a 5-fold change or less in tumors compared to normal, there was no 
evidence of a correlation between altered gene expression and a known role in the disease." 
Final Office Action, at page 5. The Examiner also cited Haynes et ai (Electrophoresis, (1998) 
19(11):1862-71) and Fessler et al (J. Biol. Chem. (2002) 277:31291-31302) as supporting the 
assertion that there is no strong correlation between protein and transcript levels. Final Office 
Action^ at pages 5-6. 

6. The Examiner has not Established a Prima Facie case that Claims 1-5 Lack 
Utility 

The Examiner has not met the burden of "provid[ing] evidence showing that one of 
ordinary skill in the art would reasonably doubt the asserted utility." In re Brana, 51 F.3d 1560, 
1566, 34 U.S.P.Q.2d 1436 (Fed. Cir. 1995). The Examiner has the burden of presenting 
"countervailing facts and reasoning sufficient to establish that a person of ordinary skill would 
not believe the Appellant's assertion of utility." M.P.E.P. at § 2107.02 III.A., citing in re Brana, 
51 F.3d 1560, 1566, 34 U.S.P.Q.2d 1436 (Fed. Cir. 1995) ("Only after the PTO provides 
evidence showing that one of ordinary skill in the art would reasonably doubt the asserted utility 
does the burden shift to the Appellant to provide rebuttal evidence") (emphasis added). 

As discussed in fiirther detail below, the Examiner has asserted that the specification does 
not disclose sufficient experimental details to support a utility for the claimed antibodies, and the 
Examiner pointed to a single reference by Hu et al as standing for the proposition that the 
differential expression of mRNA encoding the PR01557 polypeptide does not support utility. 
The Examiner has subsequently recognized the utility of nucleic acids encoding the PRO 1557 
polypeptide. In an attempt to rebut Appellants' traversal of the utility rejection, the Examiner 
cited two additional references, Haynes et al and Fessler et al Appellants submit that the 
Examiner has erroneously placed the initial burden on Appellants to substantiate their asserted 
utility, and fiirther submit that the Examiner's rebuttal arguments and evidence do not support 
the utility rejection of the claimed antibodies. 

a. The Examiner *s basis for the Utility Rejection is Improper 

The Examiner has improperly placed the burden on Appellants to initially establish the 
utility of the claimed antibodies. Without relying on facts or reasoning, the Examiner has held 
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that the claims lack utility because the specification provides insufficient experimental details. 
For example, the Examiner states: 

The issue in this application is the insufficiency of disclosure to support a specific 
and substantial or well established utility or to allow the skilled artisan to use the 
claimed invention without undue experimentation. Because as previously 
discussed there is critical information lacking which includes: whether differences 
in nucleic acid expression of PR01557 were significant, under what conditions 
differences could be detected, and what levels (relative or absolute) were detected 
in tumor and normal control, the skilled artisan cannot use (whether in vivo or in 
vitro) the claimed invention. Final Office Action, at pages 4-5. 

Thus, the Examiner holds that the claimed antibodies cannot have utility unless the 
specification discloses various experimental details such as assay conditions and experimentally 
detected expression levels. This standard is inconsistent with PTO policy and the guidelines 
provided by the courts: "In most cases, an applicant's assertion of utility creates a presumption of 
utility that will be sufficient to satisfy the utility requirement of 35 U.S.C. 101." M.P.E.P. 
§2107.02 III, A. "[T]he PTO has the initial burden of challenging a presumptively correct 
assertion of utility in the disclosure. Only after the PTO provides evidence showing that one of 
ordinary skill in the art would reasonably doubt the asserted utility does the burden shift to the 
applicant to provide rebuttal evidence sufficient to convince such a person of the invention's 
asserted utility." In re Brana, 51 F.3d 1560, 1566, 34 U.S.P.Q.2d 1436 (Fed. Cir. 1995) 
(citations omitted). 

As provided herein, Appellants have asserted a utility for the claimed antibodies. For 
example, the specification teaches identification of the differential mRNA expression, diagnostic 
use of PRO polypeptides, use of PRO polypeptides to generate anti-PRO antibodies, and use of 
the anti-PRO antibodies (see Specification at, e.g., [0364], [0366], [0367], [0407] and [0530]). 
Accordingly, the PTO has the initial burden of challenging Appellants' asserted utility; 
Appellants do not have the burden of disclosing details such as assay conditions and 
experimentally detected expression levels in order to initially establish utility of the claimed 
subject matter. 

Appellants previously traversed the Examiner's rejection, arguing that the Examiner was 
improperly requiring that the specification disclose various experimental details in order to 
initially establish the utility of the claimed subject matter. In response, the Examiner stated: 
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The Office is not requiring anything. The specification has failings which the 
Examiner pointed out. Final Office Action, at page 3. 

This statement is inconsistent with the Examiner's rejection because the Examiner is 
clearly requiring the specification to disclose "critical information" "which includes: whether 
differences in nucleic acid expression of PRO 1557 were significant, under what conditions 
differences could be detected, and what levels (relative or absolute) were detected in tumor and 
normal control" in order to establish utility of the claimed antibodies. Final Office Action, at 
page 5. PTO policy and the guidelines provided by the courts make it clear that applicants need 
only provide an assertion of utility, which is presumptively correct. In the present case, 
Appellants have asserted a utility for the claimed antibodies. Thus, the burden is on the 
Examiner to provide "evidence showing that one of ordinary skill in the art would reasonably 
doubt the asserted utility." 

The Examiner relies only on the requirement for more disclosure from the specification 
in rejecting the claims as prima facie lacking utility; the Examiner does not rely on any evidence. 
In rejecting the claimed antibodies as lacking utility, the Examiner cited a single reference by Hu 
et al as evidence that the differential expression of mRNA encoding the PRO 1557 polypeptide 
does not support utility. However, the Examiner has subsequently recognized the utility of 
nucleic acids encoding the PRO 1557 polypeptide over the teachings of Hu et al The Examiner 
provides no explanation for why Hu et al, which is insufficient to demonstrate that the nucleic 
acid encoding the PRO 1557 polypeptide lacks utility, would be sufficient to demonstrate that an 
antibody to the PR01557 polypeptide lacks utility. The Examiner provides no reason 
whatsoever to regard Hu et al as evidence that challenges the utility of the claimed antibodies. 
As such, although the Examiner cites Hu et al, she does not rely on any teachings of Hu et al as 
evidence supporting a rejection of the claimed antibodies as prima facie lacking utility. 

Of the evidence subsequently provided by the Examiner, the Examiner has stated that she 
does not consider these new references to be relied on for establishing the utility rejection, and 
instead serve only as rebuttal evidence. Thus, the Examiner again confirms that the rejection is 
riot based on evidence, but is instead based on requirement for more disclosure from the 
specification: 
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Applicants argue on page 4 of the response that the Examiner has made new 
arguments, cited two new references and is relying on asserted facts not relied 
upon in the previous Office action. The argument has been fully considered, but 
is not persuasive. The Examiner's response was only addressing those arguments 
put forth by Applicants in response to the previous Office action. No new 
references were added to the rejection. The grounds of rejection remained exactly 
the same as originally set forth. Advisory Action, at page 2 (emphasis added). 

Thus, the Examiner has emphasized that the new references were not added to the initial 
rejection, which was based solely on requirement for more disclosure from the specification. 
The Examiner asserts that the new references did not modify these grounds of the rejection, but 
instead, these references were submitted only to address Appellants' arguments. The Examiner 
maintains that the grounds for the utility rejection remain exactly the same as prior to the citation 
of these new references. As such, the Examiner underscores that the new references are rebuttal 
evidence only and do not serve as basis for the utility rejection, which was based solely on 
requirement for more disclosure from the specification. 

In sum, the Examiner asserts that "the specification has failings," and erroneously places 
the burden on Appellants' specification to disclose sufficient information in order to initially 
establish the utility of the claimed antibodies. The Examiner does not rely on evidence or 
reasoning to reach this conclusion. Because such a basis for a utility rejection, which is not 
based on supporting evidence, is inconsistent with PTO policy and the guidelines provided by 
the courts, this rejection should be withdrawn. 

b. The Examiner's Evidence is Insufficient to Establish the Claims as 
Prima Facie lackin2 Utility 
Notwithstanding the impropriety of the Examiner's basis for the utility rejection. 
Appellants submit that the references cited by the Examiner, Hu et al , Haynes et al , and Fessler 
et al, do not support the Examiner's position, for the reasons provided below. Appellants 
submit that there is no evidence in the record to support the Examiner's argument that 
Appellants' asserted utility is not substantial or specific. Absent some significant evidence to 
support these assertions, the Examiner cannot establish a prima facie showing that one of skill in 
the art would reasonably doubt the asserted utility. Accordingly, all claims are improperly 
rejected as lacking utility. 
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i. Hu etal. 

The Examiner has cited Hu et al (J. Proteome Res., (2003) 2(4):405-12) in asserting that 
for genes displaying a 5-fold change or less in tumors compared to normal, there was no 
evidence of a correlation between altered gene expression and a known role in the disease. 

In Hu, the researchers used an automated literature-mining tool to summarize and 
estimate the relative strengths of all human gene-disease relationships published on Medline. 
They then generated a microarray expression dataset comparing breast cancer and normal breast 
tissue. Using their data-mining tool, they looked for a correlation between the strength of the 
literature association between the gene and breast cancer, and the magnitude of the difference in 
expression level. They report that for genes displaying a 5 -fold change or less in tumors 
compared to normal, there was no evidence of a correlation between altered gene expression and 
a known role in the disease. See Hu at 411. However, among genes with a 10-fold or more 
change in expression level, there was a strong correlation between expression level and a 
published role in the disease. Id, at 412. Importantly, Hu reports that the observed correlation 
was only found among estrogen receptor-positive tumors, not ER-negative tumors. Id, 

The general findings of Hu are not surprising - one would expect that genes with the 
greatest change in expression in a disease would be the first targets of research, and therefore 
have the strongest known relationship to the disease as measured by the number of publications 
reporting a connection with the disease. The correlation reported in Hu only indicates that the 
greater the change in expression level, the more likely it is that there is a published or known role 
for the gene in the disease, as found by their automated literature-mining software. Thus, Hu's 
results merely reflect a bias in the literature toward studying the most prominent targets, and 
reflect nothing regarding the ability of a gene that is 2-fold or more differentially expressed in 
tumors to serve as a disease marker. 

Hu acknowledges the shortcomings of this method in explaining the disparity in Hu's 
flndings for ER-negative versus ER-positive tumors: Hu attributes the "bias in the literature" 
toward the more prevalent ER-positive tumors as the explanation for the lack of any correlation 
between number of publications and gene expression levels in less-prevalent (and, therefore, less 
studied) ER-negative tumors. Id, Because of this intrinsic bias, Hu's methodology is unlikely to 
ever note a correlation of a disease with less differentially-expressed genes and their 
corresponding proteins, regardless of whether or not an actual relationship between the disease 
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and less differentially-expressed genes exists. Accordingly, Hu's methodology yields results that 
provide little or no information regarding biological significance of genes with less than 5-fold 
expression change in disease. Nowhere in Hu does it say that a lack of correlation in their study 
means that genes with a less than five-fold change in level of expression in cancer cannot serve 
as a molecular marker of cancer. 

Appellants submit that a lack of known role for the PRO 1557 gene in cancer does not 
prevent its use as a diagnostic tool for cancer. There is a difference between use of a gene for 
distinguishing between tumor and normal tissue on the one hand, and establishing a role for the 
gene in cancer on the other. Genes with lower levels of change in expression may or may not be 
the most important genes in causing the disease, but the genes can still show a consistent and 
measurable change in expression. While such genes may or may not be good targets for further 
research, they can nonetheless be used as diagnostic tools. Thus, Hu does not refute Appellants' 
assertion that the PRO 1557 gene can be used as a cancer diagnostic tool because it is 
differentially expressed in certain tumors. 

In response to Appellants' previous arguments, the PTO has stated that the findings of Hu 

et al suggest that there is a correlation between expression level and activity. The PTO quotes 

the portion of Hu stating: 

It is not uncommon to see expression changes in microarray experiments as small 
as 2-fold reported in the literature. Even when these expression changes are 
statistically significant, it is not always clear if they are biologically meaningful. 
Hu at page 411, right column. 

As the PTO has asserted, Hu studied differential gene expression and a known role in a 

disease. See, e.g., Final Office Action, at page 5. Thus, Hu's analysis of differential expression 

of a gene whose role in a disease is "biologically meaningful" to the disease is completely 

different from Appellants' asserted differential expression of a gene for diagnostic purposes. 

Even if a gene does not have a biologically meaningful role in a disease, this does not indicate 

that the gene does not show a consistent and measurable change in expression in the cancer. 

Whether or not a differentially expressed gene has a biologically meaningful role in a disease 

does not change the fact that differential expression of a gene and encoded polypeptide can be 

used in diagnosis of a disease. The lack of a biologically meaningful role of PRO 1557 in cancer, 

for example, is irrelevant to whether its differential expression can be used to assist in diagnosis 

of cancer - one does not need to know why PRO 1557 is differentially expressed, or the 

-17- 



Appl. No. : 10/063,592 

Filed : May 3, 2002 



biological meaning of the differential expression, in order to exploit the differential expression to 
distinguish tumor from normal tissue. 

The PTO's own written policies recognize that the utility of a nucleic acid does not 
depend on the function of the encoded gene product. The UtiUty Examination Guidelines 
published on January 5, 2001 state: "In addition, the utility of a claimed DNA does not 
necessarily depend on the function of the encoded gene product. A claimed DNA may have a 
specific and substantial utility because, e.g., it hybridizes near a disease-associated gene or it has 
a gene regulating activity." (Federal Register, Volume 66, page 1095, Comment 14). Similarly, 
here the disclosed nucleic acids, as well as the encoded polypeptides and related antibodies, are 
useful for determining whether an individual has cancer regardless of whether or not they are the 
cause of the cancer. 

Any requirement of a known role for PRO 1557 in cancer for utility is also inconsistent 
with the analogous standard for therapeutic utility of a compound where "the mere identification 
of a pharmacological activity of a compound that is relevant to an asserted pharmacological use 
provides an 'immediate benefit to the public' and thus satisfies the utility requirement." M.P.E.P, 
§ 2701.01 (emphasis original). Here, the mere identification of altered expression in tumors is 
relevant to diagnosis of tumors, and, therefore, provides an immediate benefit to the public. 

The Examiner has acknowledged that "[i]t is correct that the role of a gene need not be 
known." Final Office Action, at page 11. However, the Examiner has cited Hu in asserting that 
"for genes displaying a 5-fold change or less in tumors compared to normal, there was no 
evidence of a correlation between altered gene expression and a known role in the disease." 
Final Office Action, at page 5. Thus, utility that is not based on knowing the role of a gene in a 
disease is accepted by the Examiner as a permissible utility that may be asserted, and such an 
asserted utility is unaffected by the teachings of Hu. Accordingly, Appellants' asserted 
diagnostic utility, which is not based on knowing the role of the gene in a disease, is accepted by 
the Examiner as a permissible utility that may be asserted, and is unaffected by the teachings of 
Hu. 

Further, as noted above, the utility of the nucleic acid encoding the PRO 1557 polypeptide 
is acknowledged by the Examiner. Thus, the Examiner does not take the position that Hu 

demonstrates that one skilled in the art would doubt the utility of the nucleic acid encoding the 
PR01557 polypeptide. Further, the Examiner does not assert that the teachings of Hu indicate 
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that differential protein expression is less reliable than differential nucleic acid expression. Nor 
does the Examiner assert that Hu teaches that changes in mRNA levels do not typically 
correspond with changes in levels of the encoded polypeptide. In short, the Examiner provides 
no explanation for why Hu is insufficient to demonstrate that the nucleic acid encoding the 
PRO 1557 polypeptide lacks utility, but is sufficient to demonstrate that the PRO 1557 
polypeptide lacks utility. As such, the Examiner provides no reason to regard Hu as evidence 
that challenges the utility of the claimed antibodies. 

In response to Applicants traversal based on the Examiner's recognition of the utility of 
the nucleic acid encoding the PR01557 polypeptide, the Examiner stated: 

While the rejection for lack of utility of the PRO 1557 polynucleotide was 
withdrawn, the enablement rejection was maintained... It is also maintained in the 
instant case that regardless of the utility of the encoding polynucleotide, the 
encoded protein and its cognate antibody do not have utility and are not enabled 
because it is not reasonably predictable that the encoded protein has an expression 
pattern corresponding to that of the encoding polynucleotide. Advisory Action, at 
page 2. 

Thus, the Examiner makes no attempt to point to any teaching in Hu as evidence of a lack of 
utility of the claimed antibodies, but instead relies on the assertion that "it is not reasonably 
predictable that the encoded protein has an expression pattern corresponding to that of the 
encoding polynucleotide." This assertion finds no basis in Hu. Accordingly, the Examiner fails 
to provide any reason for regarding Hu as evidence that challenges the utility of the claimed 
antibodies. 

Thus, Appellants submit that the teachings of Hu are directed to a known role of 

differentially expressed genes in disease. The Examiner's characterization of Hu is in accord 

with this. Appellants submit that the claimed antibodies need not have a known role in a disease 

in order to have utility. The Examiner agrees with this. Appellants' teachings in the 

specification of differential expression of the nucleic acid encoding the PRO 1557 polypeptide 

demonstrate a utility of the PRO 1557 nucleic acids over the teachings of Hu. The Examiner 

agrees with this. Appellants submit that Hu provides no teachings that distinguish differential 

expression of nucleic acids from differential expression of polypeptides. The Examiner does not 

assert that Hu contains such teachings. Thus, Appellants submit that (a) Hu's teachings are not 

relevant to Appellants' asserted diagnostic utility, (b) Hu's teachings are insufficient to question 
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the utility of PR01557 nucleic acids, and (c) Hu's teachings are not any more relevant to 
polypeptides than to nucleic acids. None of the Examiner's assertions are inconsistent with this. 
Accordingly, Appellants submit that Hu does not discredit Appellants' asserted utility, and the 
Examiner provides no reasoning to think otherwise. 

As further evidence that Hu is inapplicable to the utility of the claimed antibodies, 
Applicants submitted as Exhibit 4 in Appellants' Amendment and Response to Office Action 
mailed April 11, 2005, the publication by Wu et al (Gene 311:105-1 10 (2003)), which was cited 
by the Examiner in co-pending and co-owned application Serial No. 10/063,713. Wu et al 
identify a gene, BNF-1, as a protein over-expressed in breast, lung and colon tumors, which were 
the only tumors tested. Wu found that in 3 out of 11 breast tumor samples, BNF-1 was up- 
regulated about 2-fold to 3-fold. Wu at 107. Wu found that BNF-1 was up-regulated about 2- 
fold to 3-fold in 2 out of 6 lung tumor samples. Id at 109. Wu found that BNF-1 was up- 
regulated about 2-fold to about 4-fold in 1 out of 6 colon tumor samples. Id The coding region 
of BNF-1 is identical to the coding region of SEQ ID N0:81. Thus, Wu demonstrates that a 
gene identical to that of Applicants claims is over-expressed by 2-fold to 4-fold in some tumor 
samples, and Wu concludes that this gene is up-regulated in tumors. Wu further states that the 
expression pattern for BNF-1 is consistent with that of other solid tumor oncogenes. While Hu 
(presented by the Examiner) merely indicates that less differentially expressed genes are less- 
often the subjects of scientific publications studying the role of genes in disease, Wu asserts that 
the 2-fold to 4-fold overexpressed BNF-1 gene is consistent with other solid tumor oncogenes. 
Thus, the teachings of Wu toward the utility of BNF-1, and similarly up-regulated oncogenes in 
general, are more applicable to the question of the utility of Applicants' claimed antibodies than 
the teachings of Hu. Accordingly, the evidence as a whole, supports Applicants' assertion of 
utility of the claimed antibodies. 

In response to Appellants arguments regarding Wu, the Examiner fails to contest 

Appellants assertions that the teachings of Wu are more applicable to the question of the utility 

of Applicants' claimed antibodies than the teachings of Hu. Instead, the Examiner attempts to 

distinguish the teachings of Wu fi'om the teachings in Appellants' disclosure: 

Even though the BNF-1 polynucleotide of Wu et al. and the PRO 1557 
polynucleotide encode identical proteins, there are discrepancies between the 
differential expression found by Wu et al. and disclosed by the instant application 
(EXAMPLE 18), despite very low levels of differences being detectable by Wu et 
al. That there is differential expression of the polynucleotide encoding PR01557 
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in kidney and esophageal tumors as asserted by Applicant, the fact that the BNF-1 
polynucleotide encoding the same protein was found to be differentially expressed 
in breast, lung and colon tumor tissues (in which the instant application did not 
find differential expression), highlights the need for information not provided in 
the instant application which would help provide guidance or direction to the 
skilled artisan to be able to use the instant invention without undue 
experimentation. For example, as stated at the end of the first paragraph on page 8 
of the previous Office action, "... without more specifics about necessary sample 
size, expression level range for normal and tumor tissues, types of kidney or 
esophageal tissue that can used, and other questions, the specification has not 
provided the invention in an enabling form." 

In contrast to the Examiner's assertions, the teachings of Wu are fully consistent with 
Appellants' disclosure. As explained in greater detail below, Appellants' differential expression 
data is based on comparison of pooled samples of normal and tumor tissues, where a detected 
differential expression was indicative of at least a two-fold difference in cDNA between the 
pooled tumor sample and the counterpart normal sample. Wu's results are of individual samples, 
not pooled samples, and show no more than 4-fold differential expression in 1/3 or fewer of the 
samples tested. If Wu had pooled these samples, none of the tumors studied by Wu (breast, 
colon and lung) would have been sufficiently differentially expressed to be above Appellants' 
threshold of at least two-fold differential expression. Thus, the threshold used in Appellants' 
experiments requires higher and/or more consistent differential expression than threshold used 
by Wu. As such. Appellants' observations indicate that PRO 1557 is differentially expressed in 
esophagus and kidney at either higher levels, more consistently, or both, compared to the 
differential expression observed by Wu in breast, colon and lung. Thus, Appellants' 
observations are likely to be more significant than those of Wu. 

The Examiner criticizes Appellants' disclosure as not sufficientiy sensitive to detect the 
differential expression reported in Wu. At the same time, the Examiner criticizes Appellants' 
disclosure as too sensitive, base on the Examiner's interpretation of Hu. 

As stated above, the standard for utility is not absolute certainty, but rather whether one 
of skill in the art would be more likely than not to believe the asserted utility. Hu is not 
sufficient to prove that a person of skill in the art would consider it unlikely that a gene 
differentially expressed in certain tumors can be used as a diagnostic tool since this reference 
does not teach against this. Moreover, Wu is contrary to the PTO's position, and supports 
Applicants' asserted utility of the claimed antibodies. Given the lack of support for the PTO's 
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position, and the supporting evidence provided by Applicants for their position, one of skill in 
the art would be more likely than not to believe that the claimed antibodies can be used as 
diagnostic tools for cancer, particularly esophageal and kidney cancer. 

ii. Haynes etal. 

The Examiner has cited Haynes et al (Electrophoresis, (1998) 19(1 1):1862-71), as 
teaching that there is "no strong correlation between protein and transcript levels." Final Office 
Action, at page 5. The Examiner also referred to Haynes in asserting that "protein levels cannot 
be accurately predicted from the level of the corresponding mRNA transcript." Final Office 
Action, at page 5. For the reasons discussed below, Haynes is not contrary to Appellants' 
assertion that generally speaking, changes in mRNA levels lead to corresponding changes in the 
level of polypeptide. 

Haynes studied whether there is a correlation between the level of mRNA expression and 
the level of protein expression for 80 selected genes from yeast. The genes were selected 
because they constituted a relatively homogeneous group with respect to predicted half-life and 
expression level of the protein products. See Haynes at page 1863. Haynes did not examine 
whether a change in transcript level for a particular gene led to a change in the level of 
expression of the corresponding protein. Instead, Haynes determined whether the steady-state 
transcript level correlated with the steady-state level of the corresponding protein based on an 
analysis of 80 different genes. 

Haynes reported to have "found a general trend but no strong correlation between protein 
and transcript levels." Id. However, a cursory inspection of Fig. 1 shows a clear correlation 
between the mRNA levels and protein levels measured. This correlation is confirmed by an 
inspection of the full-length research paper from which the data in Fig. 1 were derived, (Gygi et 
al. Molecular and Cellular Biology, Mar. 1999, 1720-1730), submitted as Exhibit 3 with 
Appellants' Amendment and Response to Final Office Action mailed September 2, 2005. Gygi 
states that "there was a general trend of increased protein levels resulting from increased mRNA 
levels," with a correlation coefficient of 0.935, indicating a strong correlation. Gygi at page 
1726. Moreover, Gygi also states that the correlation is especially strong for highly expressed 
mRNAs, Id, Thus, it is not clear that Haynes even supports the Examiner's position, as Haynes 
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did report a general trend, and Gygi reports a strong correlation between increasing mRNA 
levels and increasing protein levels. 

The Examiner has focused on the portion of Haynes where the authors reported that for 
some of the studied genes with equivalent mRNA levels, there were differences in corresponding 
protein expression, including some that varied by more than 50-fold. Similarly, Haynes reports 
that different proteins with similar expression levels were maintained by transcript levels that 
varied by as much as 40-fold, Final Office Action, at page 5, Thus, Haynes showed that for one 
type of yeast, similar mRNA levels for different genes did not universally result in equivalent 
protein levels for the different gene products, and similar protein levels for different gene 
products did not universally resuh from equivalent mRNA levels for the different genes. These 
results are expected, since there are many factors that determine translation efficiency for a given 
transcript, or the half-life of the encoded protein. Not surprisingly, based on these results, 
Haynes concluded that protein levels cannot always be accurately predicted from the level of the 
corresponding mRNA transcript when looking at the level of transcripts across different genes . 

Importantly, Haynes did not say that for a single gene, the level of mRNA transcript is 
not positively correlated with the level of protein expression. Appellants have asserted that 
increasing or decreasing the level of mRNA for the same gene leads to an increase or decrease 
for the corresponding protein. Haynes did not study this issue and says absolutely nothing about 
it. One cannot look at the level of mRNA across several different genes to investigate whether a 
change in the level of mRNA a particular gene leads to a change in the level of protein for that 
gene. Therefore, Haynes is not inconsistent with or contradictory to the utility of the instant 
claims, and offers no support for the Examiner's rejection of Appellants' asserted utility. 

In response to Appellants' previous arguments, the Examiner pointed to specific 

teachings in Haynes et al and Gygi et al regarding observed expression levels. For example, 

the Examiner quoted as Gygi stating: 

The observed level of correlation between mRNA and protein expression levels 
suggest the importance of posttranslational mechanisms controlling gene 
expression. Such mechanisms include translational control and control of 
protein half-life.... Since these mechanisms are also active in higher eukaryotic 
cells, we speculate that there is no predictive correlation between steady-state 
levels of mRNA and those of protein in mammalian cells . Advisory Action, at 
page 4, citing Gygi et al at page 1727 (emphasis added). 
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The above-underlined sentence illustrates how the Examiner has misapplied both Haynes 
and Gygi. Appellants have asserted that increasing or decreasing (i.e., changing) the level of 
mRNA for a particular gene leads to a respective increase or decrease (i.e., change) for the 
corresponding protein. Gygi states that the steady-state (i.e., constant) levels of various mRNAs 
do not correlate with the steady-state (i.e., constant) levels of the corresponding polypeptides. 
Appellants' assertions could be illustrated by a two-dimensional plot showing various 
polypeptide concentrations of a particular gene as a function of various mRNA concentrations of 
that same gene. Gygi's and Haynes' assertions are illustrated by a two-dimensional plot showing 
a single polypeptide concentration (the steady-state concentration) for various genes as a 
function of a single mRNA concentration (the steady-state concentration) of those various genes. 
Haynes' and Gygi's plots explored whether or not there was a conmfion relationship between 
steady-state (i.e., constant) mRNA levels and steady-state (i.e., constant) polypeptide levels for 
various genes. In contrast, Appellants assert that generally an increase or decrease (i.e., change) 
in mRNA levels for the same gene leads to a respective increase or decrease (i.e., change) for the 
corresponding polypeptide. Neither Haynes nor Gygi reported anything regarding changes in 
mRNA levels or changes in polypeptide levels for the same gene. Accordingly, the results of 
Haynes or Gygi are not relevant to Appellants' assertions regarding the relationship between 
changes in mRNA levels and the corresponding polypeptide levels. As such, Haynes and Gygi 
cannot support the Examiner's holding of a lack of utility for the claimed antibodies. 

iii. Fcssier etal 

The Examiner has cited a third reference, by Fessler et al (J. Biol. Chem. (2002) 
277:31291-31302), as teaching that a "'poor correlation was also found between corresponding 
transcripts and proteins.'" Final Office Action, at page 6, citing Fessler, at page 31296. For the 
reasons discussed below, Fessler is not contrary to Appellants' asserted utility. Applicants 
submit that, if anything, Fessler supports Appellants' assertions in support of utility of the 
claimed antibodies. 

Appellants have provided in Example 18 disclosure of differential expression of mRNA 
encoding the PRO 1557 polypeptide in esophageal and kidney tumors. Applicants have 
submitted that, one skilled in the art would recognize that a change in the level of mRNA for a 
particular protein generally leads to a corresponding change in the level of the encoded protein. 
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Thus, Applicants submit that one skilled in the art, based on Appellants' disclosure of differential 
expression of PR01557 mRNA, would believe that the PR01557 polypeptide is likely to also be 
differentially expressed. Applicants make no assertions regarding expected changes in protein 
levels when mRNA levels are unchanged, and evidence of changes in protein levels when 
mRNA levels are unchanged has no relevance to Applicants' assertion. 

Fessler et ah studied changes in neutrophil (PMN) gene transcription and protein 
expression following lipoplysaccharide (LPS) exposure. Fessler lists in Table VIII a comparison 
of the change in the level of mRNA for 13 up-regulated proteins and 5 down-regulated proteins. 
Of the 13 up-regulated proteins, a change in mRNA levels is reported for only 3 such proteins. 
For these 3, mRNA levels are increased in 2 and decreased in the third. Of the 5 down-regulated 
proteins, a change in mRNA is reported for 3 such proteins. In all 3, mRNA levels also are 
decreased. Thus, in 5 of the 6 cases for which a change in mRNA levels are reported, the change 
in the level of mRNA corresponds to the change in the level of the protein. This is consistent 
with Applicants assertion that a change in the level of mRNA for a particular protein generally 
leads to a corresponding change in the level of the encoded protein. 

Regarding the remainder of the proteins listed in Table VIII, in 6 instances, protein levels 
changed while mRNA levels were unchanged. This evidence has no relevance to Applicants' 
assertions of the influence that changes in mRNA levels have on protein levels. In explaining 
these instances, Fessler explains that LPS has post-transcriptional activity that can influence 
protein levels (Fessler at 31300, right column). Nothing in these results by Fessler suggests that 
a change in the level of mRNA for a particular protein does not generally lead to a corresponding 
change in the level of the encoded protein. Accordingly, these results are not contrary to 
Applicants assertions. 

In the remaining 6 instances listed in Table VIII, protein levels changed while mRNA 
was noted as "absent." This evidence also has no relevance to Applicants' assertions of the 
influence that changes in mRNA levels has on protein levels. By virtue of being "absent," it is 
not possible to tell whether mRNA levels were increased or decreased in PMN upon contact with 
LPS. Nothing in these results by Fessler suggests that a change in the level of mRNA for a 
particular protein does not generally lead to a corresponding change in the level of the encoded 
protein. Accordingly, these results also are not contrary to Applicants assertions. 
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The Examiner points to Fessler's statement regarding Table VIII that "a poor correlation 
was found between corresponding transcripts and proteins." (Fessler at 31300, right column). As 
is clear from the above discussion, this statement does not relate to a lack of correlation of a 
change in mRNA levels and protein levels, because in 5 of 6 such instances, changes in mRNA 
and protein levels correlated well. Instead, this statement relates to observations in which protein 
levels changed when mRNA was either unchanged or "absent." As such, this statement is an 
observation that in addition to transcriptional activity, LPS also has post-transcriptional activity 
that affect protein levels. Thus, Fessler's results suggest that LPS has a transcriptional activity 
that can cause changes in protein levels which correlate with changes in mRNA levels, and LPS 
also has post-transcriptional activity that can cause changes in protein levels that do not correlate 
with unchanged or absent mRNA levels. Accordingly, Fessler's results are consistent with 
Applicants assertion that a change in the level of mRNA for a particular protein generally leads 
to a corresponding change in the level of the encoded protein. 

Even if Fessler's results had shown that a change in the level of mRNA did not generally 
lead to a corresponding change in the level of the encoded protein, which they did not, the 
accuracy of Fessler's results is uncertain. Fessler admits that there were "limitations" to the 
results reported. These limitations included: possible artifactual transcript-protein discordance 
due to a 4 hour delay in harvesting after LPS exposure; uncertain post-incubation but pre- 
electrophoresis effects on protein synthesis, degranulation and exocytosis; and limited ability to 
quantitate protein amounts using Coomassie Blue. (Fessler at 31301, left colunm). Fessler 
exemplifies one such spurious result, in which there was a disparity between observed increase 
in cytokine mRNA, but an absence of detected cytokine proteins, which, as Fessler explains, 
"reflects their removal in the post-LPS incubation wash." (Fessler at 31297, right column). 
Thus, Fessler acknowledges "limitations" to the conclusion that, for some genes, transcript levels 
did not coincide well with corresponding protein levels, leaving it uncertain the extent to which 
actual changes in protein levels differed from mRNA levels when neutrophils were exposed to 
LPS. As such, Fessler does not represent "influential art ... that requires the Examiner maintain 
that as a whole, the prior art does not provide a reasonable expectation that expression of the 
nucleic acid of SEQ ID N0:81 positively correlates with the expression of the protein of SEQ ID 
NO:82." Final Office Action, at page 5. Instead, Fessler represents a teaching that LPS might 
cause transcriptional changes that correlate with changes in protein levels, and might also cause 
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post-transcriptional changes in protein levels when mRNA levels are unchanged. Accordingly, 

Fessler is not contrary to Applicants' asserted utility. 

In response to Applicants statement regarding Fessler, the Examiner muddles the 
applicability of Fessler' s data to Appellants' disclosed data. 

Also, of the 13 up-regulated proteins, 5 corresponding mRNAs were unchanged 
and 5 were not detected ("absent"). That means, disregarding the undetectable 
mRNAs, for 8 up-regulated proteins, only 2/13 [sic] showed corresponding 
upregulation in mRNA levels. The odds were slightly better for the 5 down- 
regulated proteins, with 3 corresponding mRNAs also down-regulated, 1 
unchanged and 1 detectable [sic] ("absent"). So 3/5 down-regulated proteins 
showed corresponding down-regulation in mRNA levels. (See paragraph 
bridging cols. 1-2 of p. 31295 of Fessler for data.) One can hardly conclude that 
the results of Fessler support that the change in levels of particular encoding 
mRNAs generally leads to a corresponding change in levels of the proteins. 
Indeed, what the results of Fessler et al. show is that a change in mRNA level 
does not necessarily have a corresponding change in protein levels and vice versa. 
This supports the high unpredictability for correspondence of protein and mRNA 
levels. Advisory Action, at page 5. 

Appellants disclose differential expression of PRO 1557 mRNA in esophageal and kidney tumors. 
Fessler teaches 6 instances in which mRNA was differentially expressed. Based on Appellants' 
disclosure of differential expression of PRO 1557 mRNA, Applicants submit that one skilled in 
the art would believe that the PRO 1557 polypeptide is likely to also be differentially expressed. 
Fessler supports this by teaching that for the 6 differentially expressed mRNAs, 5/6 proteins 
were similarly differentially expressed. The Examiner reverses Appellants assertions and instead 
looks to the status of mRNA levels for proteins that are differentially expressed. Thus, the 
Examiner considers it relevant to look to protein levels when mRNA levels are unchanged. 
Appellants make no assertions regarding expected changes in protein levels when mRNA levels 
are unchanged because Appellants assertions are based on their disclosure of differential 
expression of PR01557 mRNA. Accordingly, Appellants maintain that evidence of changes in 
protein levels when mRNA levels are unchanged has no relevance to Appellants' assertions. 
Pointing to such irrelevant results only serves to confuse the questions at issue. Only after 
confusing the questions at issue is it possible to assert that "One can hardly conclude that the 
results of Fessler support that the change in levels of particular encoding mRNAs generally leads 
to a corresponding change in levels of the proteins." This statement is completely inapposite 
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with Fessler, which teaches that a change in the levels of 6 encoding mRNAs leads to a 
corresponding change in the levels of 5/6 of the proteins. 

In sum, the data of Fessler support Applicants assertions that one skilled in the art would 
consider that the PRO 1557 polypeptide is likely to also be differentially expressed because for 
the 6 instances of differentially expressed mRNA reported by Fessler, 5/6 corresponding proteins 
were similarly differentially expressed. The Examiner's arguments to the contrary are based on 
data not relevant to Appellants' assertions. When Fessler is read in the light of Appellants' 
assertions, Fessler serves to support the utility of the claimed antibodies. 

iv. Summary 

The Examiner has cited three references, Hu et al, Haynes et al., and Fessler et aL 

Hu reports that genes with high levels of differential expression in disease more 
frequently are characterized by a known, published role in the disease. Hu is silent regarding 
diagnostic properties of differentially expressed genes and, therefore, has no bearing on 
Appellants' asserted utility. Furthermore, the Examiner acknowledges the utility of the 
differentially expressed nucleic acid encoding the PR01557 polypeptide, and the Examiner 
provides no reason why Hu demonstrates that the PRO 1557 polypeptide, but not the PRO 1557 
nucleic acid, lacks utility. Thus, the factual teachings of Hu are not relevant to Appellants 
asserted utility, and the Examiner provides no basis for citation of Hu as demonstrating a lack of 
utility of the claimed antibodies, where the Examiner agrees that Hu does not demonstrate a lack 
of utility for the encoding nucleic acid. 

Haynes (and Gygi, cited therein) investigated the relationship between steady state levels 
of mRNA for various genes and steady state levels of polypeptides of these various genes. 
Neither Haynes nor Gygi reported any data regarding the relationship between changes in 
mRNA levels for a particular gene and the resultant levels of the encoded polypeptide. 
Accordingly, the factual teachings of Haynes are not relevant to Appellants asserted utility. 

Fessler teaches that, for the 6 instances in which mRNA levels changed, 5/6 protein 
expression levels similarly changed, which supports Appellants' asserted utility. The Examiner 
focuses instead on data by Fessler not relevant to Appellants' assertions. When Fessler is read in 
the light of Appellants' assertions, Fessler supports the utility of the claimed antibodies. 
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In sum, two of the three cited references contain no factual teachings that are relevant to 
Appellants asserted utility. The third cited reference supports Appellants asserted utility. 
Despite the Examiner misconstruing Fessler's teachings in support of Appellants assertions, the 
cited references do not provide any factual evidence demonstrating that one of ordinary skill in 
the art would reasonably doubt Appellants' asserted utility. Moreover, the totality of the 
evidence cited by the Examiner supports Appellants asserted utility. 

The Examiner has stated: 

While one can find prior art that supports a 'significant probability' that mRNA 
and protein levels will correlate, there is influential prior art of record that 
requires the Examiner maintain that as a whole, the prior art does not provide a 
reasonable expectation that expression of the nucleic acid of SEQ ID NO: 81 
positively correlates with the expression of the protein of SEQ ID NO: 82. Final 
Office Action, at page 5. 

As Appellants have explained, the "influential art" of record (Hu, Haynes and Fessler) is 
either silent regarding any relationship between mRNA and polypeptide levels (Hu), silent 
regarding the relationship between changes in mRNA levels and resultant polypeptide levels 
(Haynes), or supports Appellants assertion that changes in mRNA levels generally lead to similar 
changes in the levels of the corresponding polypeptide (Fessler). Accordingly, there is no factual 
basis in the record to conclude that this "influential art" "requires the Examiner maintain that as a 
whole, the prior art does not provide a reasonable expectation that expression of the nucleic acid 
of SEQ ID N0:81 positively correlates with the expression of the protein of SEQ ID NO:82." In 
view of the above. Appellants submit that the evidence cited by the Examiner does not 
demonstrate that one of ordinary skill in the art would reasonably doubt Appellants' asserted 
utility, and therefore, cannot support a prima facie rejection of the claims as lacking utility. 

7. Even if the Examiner established a Prima Facie case. Appellants have provided 
Sufficient Rebuttal Evidence of Utility 

"Only after the PTO provides evidence showing that one of ordinary skill in the art would 
reasonably doubt the asserted utility does the burden shift to the applicant to provide rebuttal 
evidence." In re Brana, 51 F.3d 1560, 1566, 34 U.S.P.Q.2d 1436 (Fed. Cir. 1995). The rebuttal 
evidence must be sufficient such that when it is considered as a whole, it is more likely than not 
that the asserted utility is true. See In re Oetiker, 977 F.2d 1443, 1445, 24 U.S.P.Q.2d 1443, 
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1444 (Fed. Cir. 1992) (stating that the evidentiary standard to be used throughout ex parte 

examination in setting forth a rejection is a preponderance of the evidence, or "more likely than 

not" standard). The M.P.E.P. summarizes the standard of proof required: 

[T]he applicant does not have to provide evidence sufficient to establish that an 
asserted utility is true "beyond a reasonable doubt." Nor must the applicant 
provide evidence such that it establishes an asserted utility as a matter of 
statistical certainty. Instead, evidence will be sufficient if, considered as a whole, 
it leads a person of ordinary skill in the art to conclude that the asserted utility is 
more likely than not true . M.P.E.P, § 2107.02, part VII (emphasis in original, 
citations omitted). 

Appellants remind the Board that the Federal Circuit has stated that the standard for satisfying 
the utility requirement is a low one: "The threshold of utility is not high: An invention is 'useful' 
under section 101 if it is capable of providing some identifiable benefit." Juicy Whip, Inc. v. 
Orange Bang, Inc, 185 F.3d 1364, 1366, 51 U.S.P.Q. 2d 1700 (Fed. Cir. 1999). 

Even if the Examiner has satisfied her burden of presenting a prima facie case of lack of 
utility, Appellants have supplied more than enough rebuttal evidence, such that when considered 
as a whole, one of skill in the art would conclude that the asserted utility is more likely than not 
true. As discussed in detail below, Appellants have provided sufficient evidence that the gene 
encoding the PRO 1557 polypeptide is differentially expressed in certain cancers and can 
therefore be used as a diagnostic tool. In addition, Appellants have shown that it is well 
established in the art that there is a reasonable correlation between changes in mRNA level and 
changes in the corresponding polypeptide level such that one of skill in the art would believe that 
the PR01557 polypeptide is also differentially expressed in certain cancers. Therefore, 
considering the evidence as a whole, one of skill in the art would believe that it is more likely 
than not that the claimed antibodies are useful as diagnostic tools for cancer, particularly 
esophageal and kidney tumors. 

a. Appellants have established that the sene encoding the PRO 15 57 
polypeptide is differentially expressed in certain cancers 
As discussed above, the Examiner has not provided evidence or reasoning to challenge 
the reliability and significance of the data in Example 18 which reports that the mRNA for 
PRO 1557 is more highly expressed in esophageal and kidney tumor tissue compared to normal 
esophageal and kidney tissue, respectively. In contrast, Appellants' specification discloses gene 
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expression data in Example 18 showing that the mRNA associated with protein PRO 1557 was 
more highly expressed in esophageal and kidney tumor tissue compared to normal esophageal 
and kidney tissue, respectively. See Specification at ^ [0530] and accompanying tables. Gene 
expression was analyzed using standard quantitative PGR amplification reactions of cDNA 
libraries isolated from different human tumor and normal human tissue samples. Id It is well 
known in the art that the number of copies of a particular cDNA in the cDNA library is 
determined by the number of copies of the corresponding mRNA in the sample. Therefore, the 
cDNA libraries can be used to determine the level of expression of the corresponding mRNA in 
the tissue. 

Appellants have asserted that identification of the differential expression of the PRO 1557 
polypeptide-encoding gene in tumor tissue compared to the corresponding normal tissue renders 
the molecule useful as a diagnostic tool for the determination of the presence or absence of tumor. 
Id In support of this asserted utility, Appellants submitted as Exhibit 1 to their Amendment and 
Response to Office Action mailed April 1 1, 2005, a first Declaration of J. Ghristopher Grimaldi, 
an expert in the field of cancer biology. This declaration explains the importance of the data in 
Example 1 8, and how differential gene and protein expression studies are used to differentiate 
between normal and tumor tissue. See First Grimaldi Declaration. 

In paragraphs 6 and 7, Mr. Grimaldi explains that the semi-quantitative analysis 
employed to generate the data of Example 18 is sufficient to determine if a gene is over- or 
under-expressed in tumor cells compared to corresponding normal tissue. He states that any 
visually detectable difference seen between two samples is indicative of at least a two-fold 
difference in cDNA between the tumor tissue and the counterpart normal tissue. He also states 
that the results of the gene expression studies indicate that the genes of interest "can be used to 
differentiate tumor from normal." He explains that, contrary to the PTO's assertions, "[t]he 
precise levels of gene expression are irrelevant; what matters is that there is a relative difference 
in expression between normal tissue and tumor tissue." First Grimaldi Declaration at ^ 7. 

This declaration makes clear that since it is the relative level of expression between 
normal tissue and suspected cancerous tissue that is important, how high the level of expression 
in normal tissue is, is irrelevant. As to the experimental conditions and the significance of the 
results. Appellants employed standard techniques which are well-known and accepted by those 
of skill in the art, and Mr. Grimaldi states that the samples are pooled samples of normal and 
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tumor tissue, and therefore are more reliable than individual samples. Id at 5. Mr. Grimaldi 
states that if a difference is detected using these techniques, "this indicates that the gene and its 
corresponding polypeptide and antibodies against the polypeptide are useful for diagnostic 
purposes..." Id. at 7. Thus, it is the uncontested opinion of an expert in the field that the results 
are reliable enough to indicate that the claimed antibodies are useful as diagnostic tools. 

The data in Example 18 and the first Grimaldi Declaration provide strong support for 
Appellants' asserted utility. Mr. Grimaldi is an expert in the field who conducted or supervised 
the experiments at issue. His declaration is based on personal knowledge of the relevant facts at 
issue. Appellants' have reminded the Examiner that "Office personnel must accept an opinion 
from a qualified expert that is based upon relevant facts whose accuracy is not being 
questioned." M.P,E,P. § 2107 (emphasis added). In addition, declarations relating to issues of 
fact should not be summarily dismissed as "opinions" without an adequate explanation of how 
the declaration fails to rebut the Examiner's position. See in re Alton 76 F.3d 1168 (Fed. Cir. 
1996). The Examiner has offered no reason or evidence to reject either the underlying data or 
Mr. Grimaldi's conclusions. Therefore, the Examiner should accept Mr. Grimaldi's opinion with 
regard to his statement that "any visually detectable difference seen between two samples is 
indicative of at least a two-fold difference in cDNA between the tumor tissue and the counterpart 
normal tissue" and that the genes of interest "can be used to differentiate tumor from normal." 

Given the disclosure of Example 18 and the supporting first Grimaldi declaration on the 
one hand, and the lack of any evidence on the other, it is clear that considering the evidence as a 
whole, one of skill in the art would conclude that it is more likely than not that the PRO 1557 
gene is differentially expressed in esophageal and kidney tumor tissue compared to their normal 
tissue counterparts such that is useful as a diagnostic tool to distinguish tumor tissue from normal 
tissue. 

As Appellants explain below, it is more likely than not that the PRO 1557 polypeptide is 
also differentially expressed in esophageal and kidney tumor tissue, and can therefore be used to 
distinguish tumor tissue from normal tissue. This provides utility for the claimed antibodies. 
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b. Appellants have established that eenerallv there is a correlation between 
chanses in mRNA expression levels and changes in the expression level 
of the encoded polypeptide 
Appellants next turn to the second portion of their argument in support of their asserted 
utility - that it is well-established in the art that in most cases a change in the level of mRNA for 
a particular polypeptide leads to a corresponding change in the level of the encoded polypeptide. 
Given Appellants' evidence of differential expression of the mRNA for the PRO 1557 
polypeptide in esophageal and kidney tumor, it is more likely than not that the PRO 1557 
polypeptide is likewise differentially expressed, and therefore the claimed antibodies are useful 
as diagnostic tools, particularly for esophageal and kidney tumor. 

In support of the assertion that changes in mRNA are positively correlated to changes in 
protein levels, Appellants submitted a second Declaration by J. Christopher Grimaldi, an expert 
in the field of cancer biology (originally submitted as Exhibit 5 with the Appellants' Amendment 
and Response to Office Action mailed April 11, 2005). As stated in paragraph 5 of the 
declaration, "Those who work in this field are well aware that in the vast majority of cases, when 
a gene is over-expressed... the gene product or polypeptide will also be over-expressed.... This 
same principal applies to gene under-expression." Second Grimaldi Declaration at ^ 5. Further, 
"increased mRNA expression is expected to result in increased polypeptide expression, and the 
detection of decreased mRNA expression is expected to result in decreased polypeptide 
expression." M 

Appellants also submitted the declaration of Paul Polakis, Ph.D. an expert in the field of 

cancer biology (attached as Exhibit 6 to Appellants' Amendment and Response to Office Action 

mailed April 1 1, 2005). As stated in paragraph 6 of his declaration: 

Based on my own experience accumulated in more than 20 years of research, 
including the data discussed in paragraphs 4 and 5 above [showing a positive 
correlation between mRNA levels and encoded protein levels in the vast majority 
of cases studied in relation to the present invention] and my knowledge of the 
relevant scientific literature, it is my considered scientific opinion that for human 
genes, an increased level of mRNA in a tumor cell relative to a normal cell 
typically correlates to a similar increase in abundance of the encoded protein in 
the tumor cell relative to the normal cell. In fact, it remains a central dogma in 
molecular biology that increased mRNA levels are predictive of corresponding 
increased levels of the encoded protein. Polakis Declaration at ^ 6 (emphasis 
added). 
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Dr. Polakis acknowledges that there are published cases where such a correlation does not exist, 
but states that it is his opinion, based on over 20 years of scientific research, that "such reports 
are exceptions to the commonly understood general rule that increased mRNA levels are 
predictive of corresponding increased levels of the encoded protein." Polakis Declaration at ^ 6. 

The statements of Grimaldi and Polakis are supported by the teachings in Molecular 
Biology of the Cell, a leading textbook in the field (Alberts, et al. Molecular Biology of the Cell 
(3*^^ ed. 1994) (submitted with Appellants' Amendment and Response to Office Action mailed 
April 11, 2005 as Exhibit 7, hereinafter "Cell 3'^") and (4**^ ed. 2002) (submitted with Appellants' 
Amendment and Response to Office Action mailed April 11, 2005 as Exhibit 8, hereinafter "Cell 
4^^")). Figure 9-2 of Cell 3^^ shows the steps at which eukaryotic gene expression can be 
controlled. The first step depicted is transcriptional control Cell 3^^ provides that "[f]or most 
genes transcriptional controls are paramount. This makes sense because, of all the possible 
control points illustrated in Figure 9-2, only transcriptional control ensures that no superfluous 
intermediates are synthesized." Cell at 403 (emphasis added). In addition, the text states that 
"Although controls on the initiation of gene transcription are the predominant form of regulation 
for most genes , other controls can act later in the pathway from RNA to protein to modulate the 
amount of gene product that is made." Cell i'*^ at 453 (emphasis added). Thus, as established in 
Cell 3^^, the predominant mechanism for regulating the amount of protein produced is by 
regulating transcription. 

In Cell 4^*^, Figure 6-3 on page 302 illustrates the basic principle that there is a correlation 
between increased gene expression and increased protein expression. The accompanying text 
states that "a cell can change (or regulate) the expression of each of its genes according to the 
needs of the moment - most obviously by controlling the production of its mRNA'' Cell at 
302 (emphasis added). Similarly, Figure 6-90 on page 364 of Cell 4^^ illustrates the path from 
gene to protein. The accompanying text states that while potentially each step can be regulated 
by the cell, " the initiation of transcription is the most common point for a cell to regulate the 
expression of each of its genes ." Cell 4^^ at 364 (emphasis added). This point is repeated on 
page 379, where the authors state that of all the possible points for regulating protein expression, 
" [flor most genes transcriptional controls are paramount ." Cell 4^^ at 379 (emphasis added). 

Further support for Appellants' position can be found in the textbook, Genes VI, 
(Benjamin Lewin, Genes VI (1997)) (submitted with Appellants' Amendment and Response to 
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Office Action mailed April 11, 2005 as Exhibit 9) which states "having acknowledged that 
control of gene expression can occur at multiple stages, and that production of RNA cannot 
inevitably be equated with production of protein, it is clear that the overwhelming majority of 
regulatory events occur at the initiation of transcription ." Genes VI at 847-848 (emphasis added). 

Additional support is also found in Zhigang et al. World Journal of Surgical Oncology 
2:13, 2004 (submitted with Appellants' Amendment and Response to Office Action mailed April 
11, 2005 as Exhibit 10). Zhigang studied the expression of prostate stem cell antigen (PSCA) 
protein and mRNA to validate it as a potential molecular target for diagnosis and treatment of 
human prostate cancer. The data showed "a high degree of correlation between PSCA protein 
and mRNA expression" Zhigang at 4. Of the samples tested, 81 out of 87 showed a high degree 
of correlation between mRNA expression and protein expression. The authors conclude that "it 
is demonstrated that PSCA protein and mRNA overexpressed in human prostate cancer, and that 
the increased protein level of PSCA was resulted from the upregulated transcription of its 
mRNA." Id, at 6. Even though the correlation between mRNA expression and protein 
expression occurred in 93% of the samples tested, not 100%, the authors state that "PSCA may 
be a promising molecular marker for the clinical prognosis of human Pea and a valuable target 
for diagnosis and therapy of this tumor." Id, at 7. 

Further, Meric et al. Molecular Cancer Therapeutics, vol. 1, 971-979 (2002), (submitted 
with Appellants' Amendment and Response to Office Action mailed April 11, 2005 as Exhibit 
11), states the following: 

The fundamental principle of molecular therapeutics in cancer is to exploit the 

differences in gene expression between cancer cells and normal cells... [M]ost 
efforts have concentrated on identifying differences in gene expression at the 
level of mRNA, which can be attributable to either DNA amplification or to 
differences in transcription. Meric et al at 971 (emphasis added). 

Exploiting differences in gene expression between cancer cells and normal cells would not be a 
"fundamental principle" of molecular cancer therapeutics if there were no significant correlation 
between gene expression and protein levels. Stated another way, changes in mRNA without 
corresponding changes in protein levels would have little or no effect on cellular biology, and 
those of skill in the art would have no reason to examine the differences in gene expression at the 
mRNA level without such a correlation. However, as one of skill in the art recognizes, there is a 
strong correlation between changes in mRNA and changes in protein level. It is because of this 
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strong correlation that it remains a "fundamental principle" of molecular therapeutics in cancer 
to look at changes in mRNA level. 

Together, the declarations of Grimaldi and Polakis, the accompanying references, and the 
excerpts and references discussed above all establish that the accepted understanding in the art is 
that there is a reasonable correlation between changes in gene expression and changes in the 
level of the encoded protein. In contrast to this substantial amount of evidence supporting 
Appellants' position, the Examiner has cited two references, Haynes et al and Fessler et al As 
discussed above, Haynes is not relevant to the issue of whether a change in mRNA levels leads 
to a change in the level of the corresponding protein, and Fessler supports Appellants' assertions. 
Therefore, it is clear that when considered as a whole, the preponderance of the evidence clearly 
weighs in favor of Appellants. 

Appellants have presented sufficient evidence to establish that the mRNA for PR01557 
is differentially expressed in esophageal and kidney tumors compared to their normal tissue 
counterparts, and that it is more likely than not that this leads to differential expression of the 
PRO! 557 polypeptide. This makes the claimed antibodies useful for diagnosing cancer, 
particularly esophageal and kidney tumors. Given the overwhelming amount of evidence in 
support of Appellants' position, and the near absence of any evidence in support of the 
Examiner's position, when considered as a whole, the evidence leads a person of ordinary skill in 
the art to conclude that the asserted utility is more likely than not true. 

c. The asserted utility is specific 

Finally, Appellants address the Examiner's argument that the asserted utilities are not 
specific to the claimed antibodies to PRO 1557. 

Specific Utility is defined as utility which is "specific to the subject matter claimed," in 
contrast to "a general utility that would be applicable to the broad class of the invention." 
M.P.E.P. § 2107.01 I. Appellants submit that the evidence of differential expression of the 
PR01557 gene and polypeptide in certain types of tumor cells, along with the declarations and 
references discussed above, provide a specific utility for the claimed antibodies. 

As discussed above, there are significant data which show that the gene for the PRO 1557 
polypeptide is expressed at least two-fold higher in esophageal and kidney tumor tissue 
compared to normal esophageal and kidney tissue, respectively. These data are strong evidence 

-36- 



Appl. No. 
Filed 



10/063,592 
May 3, 2002 



that the PRO 1557 gene and polypeptide are associated with esophageal and kidney tumors. Thus, 
contrary to the assertions of the Examiner, Appellants have provided evidence associating the 
PRO 1557 gene and polypeptide with specific diseases. The asserted utility for the claimed 
antibodies as diagnostic tools for cancer, particularly esophageal and kidney tumor, is a specific 
utility - it is not a general utility that would apply to the broad class of antibodies. 

8, The Examiner *s Response to Appellants' Evidence is Insufficient to Rebut 
Appellants * Arguments 

The Examiner has concluded that the teachings of the specification, the declarations of 
Grimaldi and Polakis and accompanying references, the excerpts and references, and supporting 
arguments provided by Appellants are not persuasive. 

a. The Examiner's response to the First Grimaldi Declaration 

The Examiner has dismissed the first Grimaldi Declaration because the disclosure in the 

specification is insufficient to overcome the utility rejection. The Examiner states: 

The conclusory statement of Grimaldi of the necessary existence of an at least 
two-fold differentiation in nucleic acid expression does not support a utility for or 
enable the invention because it does not fill important gaps in the disclosure 
needed to use the invention without significant further experimentation . . . While 
a 'relative difference in expression between normal tissue and suspected 
cancerous tissue' can be informative, without more specifics about necessary 
sample size, expression level range for normal and tumor tissues, types of kidney 
or esophageal tissue that can [be] used, and other questions, the specification has 
not provided the invention in an enabling form. Final Office Action^ at pages 7-8. 

Appellants submit that, as discussed above, the burden is not on Appellants to provide 
"specifics about necessary sample size, expression level range for normal and tumor tissues, 
types of kidney or esophageal tissue that can [be] used" {Id. at page 8) in order to initially 
establish utility. Instead, the burden is on the Examiner to provide "evidence showing that one 
of ordinary skill in the art would reasonably doubt the asserted utility." In re Brana, 51 F.3d 
1560, 1566, 34 U.S.P.Q.2d 1436 (Fed. Cir. 1995). 

The Examiner's rejection relies on placing the burden on Appellants to provide sufficient 
"specifics" in order to establish utility. As a result, the Examiner dismisses the Grimaldi 
reference "because it does not fill important gaps in the disclosure needed to use the invention." 
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The Examiner does not rely on any evidence or reasoning to demonstrate why the specification 
must provide these enumerated experimental specifics, or to dismiss the Grimaldi declaration as 
not filling "important gaps in the disclosure." Instead, the Examiner erroneously places the 
burden on Appellants' specification to initially establish the utility of the claimed antibodies, and 
disregards any statements in the Grimaldi declaration as not providing the information required 
of the specification. As discussed above, such a basis for a utility rejection is inconsistent with 
PTO policy and the guidelines provided by the courts. Moreover, statements of a Declaration are 
not to be dismissed without evaluation of the statements provided. "Office personnel must 
accept an opinion from a qualified expert that is based upon relevant facts whose accuracy is not 
being questioned." M.P,E,P. § 2107 (emphasis added). In addition, declarations relafing to 
issues of fact should not be summarily dismissed as "opinions" without an adequate explanation 
of how the declaration fails to rebut the Examiner's position. See in re Alton 76 F.3d 1 168 (Fed. 
Cir. 1996). The Examiner has offered no reason or evidence to reject either the underlying data 
or Mr. Grimaldi's conclusions. Therefore, the Examiner should accept Mr. Grimaldi's opinion 
with regard to his statement that "any visually detectable difference seen between two samples is 
indicative of at least a two-fold difference in cDNA between the tumor tissue and the counterpart 
normal tissue" and that the genes of interest "can be used to differentiate tumor from normal." 

Furthermore, the Examiner's criticisms of the specification and the Grimaldi declaration 
are based on assertions that the specification provides insufficient disclosure of differential 
nucleic acid expression. The Examiner has accepted Appellants differential expression evidence 
as supporting a utility for nucleic acids encoding the PRO 1557 polypeptide. Thus, the 
Examiner's basis for indicating failings of the specification and for dismissing the Grimaldi 
declaration are inconsonant with the Examiner's acceptance of the utility of nucleic acids 
encoding the PRO 1557 polypeptide. Accordingly, the Examiner's position is not even supported 
by the Examiner's own reasoning. 

Also regarding the Grimaldi declaration, the Examiner states: 

The declaration also says (^5) that 'Data from a pooled sample are more likely to 
be accurate that [sic] data from a single individual.' This begs the question of 
whether the tissue from an individual could be assessed for whether or not it is 
cancerous. Clinical diagnostics are not usually geared toward a populous but 
toward an individual's particular condition. Final Office Action^ at pages 7-8. 
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Thus, the Examiner is alleging that results from pooled samples have questionable 
relevance in clinical diagnostics because evidence of differential expression in a populous is not 
directed toward diagnosing an individual's particular condition. If it were true that a disease 
indicator, such as differential expression, from a population were not relevant to diagnosing 
disease in an individual, the concept of diagnosis would not exist. Appellants submit that 
diagnosis of an individual's particular disease condition is based on disease indicators derived 
from characteristics of a populous. The Examiner's rationale for criticizing the results from 
pooled samples would render any population-based disease-indicative information irrelevant. 
Appellants submit that disease-indicative information, such as differential expression, from a 
generalized population does provide a useful tool for diagnosing an individual particular 
condition because the information is "likely to represent a more generally relevant condition." 
First Grimaldi Declaration^ at H 5. Accordingly, insofar as the Examiner holds that the data of 
the specification and supporting evidence of the Grimaldi declaration are insufficient because 
they are not useful for diagnostic purposes, Appellants submit that the Examiner's basis for these 
holdings is unfounded. 

b. The Examiner's response to the Polakis Declaration and the Second 
Grimaldi Declaration 

The Examiner provides at best one reason for dismissing the Polakis Declaration: "there 
is sound data supporting evidence showing the unpredictability of saying level of expression of a 
particular nucleic acid will correlate with expression of the encoded protein." Final Office Action, 
at page 9. No subsequent Action from the Examiner provided any further reason for dismissing 
the Polakis Declaration. Thus, the Examiner provides no indication whatsoever that any of the 
contents of the Polakis Declaration were ever considered, and, if they were considered, what 
reasoning the Examiner used to dismiss the Polakis reference in favor of the "sound data" cited 
by the Examiner. 

Appellants again emphasize that statements of a Declaration are not to be dismissed 
without evaluation of the statements provided. "Office persormel must accept an opinion from a 
qualified expert that is based upon relevant facts whose accuracy is not being questioned." 
M,P,E.P, § 2107 (emphasis added). In addition, declarations relating to issues of fact should not 
be summarily dismissed as "opinions" without an adequate explanation of how the declaration 
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fails to rebut the Examiner's position. See in re Alton 76 F.3d 1168 (Fed. Cir. 1996). The 
Examiner provides no reason for dismissing any of the statements of the Polakis Declaration. As 
such, the statements of the Polakis declaration have not been validly challenged by the Examiner, 
and, therefore, there is nothing in the record to controvert the Polakis declaration. 

Regarding the second Grimaldi declaration, the Examiner points only to statements 
discussing rare cases where protein expression does not correlate with mRNA expression. The 
Examiner is completely silent regarding the statement that "[T]hose who work in this field are 
well aware that in the vast majority of cases, when a gene is over-expressed... the gene product 
or polypeptide will also be over-expressed.... This same principal applies to gene under- 
expression." Second Grimaldi Declaration at ^ 5. No indication is provided by the Examiner 
whether or not the Examiner agrees with this statement. Moreover, the Examiner provides no 
basis to question these statements in the second Grimaldi declaration. As such, the above 
statements of the second Grimaldi declaration have not been challenged by the Examiner, and, 
therefore, there is nothing in the record to controvert these statements of the second Grimaldi 
declaration. 

c. The Examiner response to the Various Publications Submitted 
Appellants have submitted, inter alia, textbook excerpts and research publications in 
further support of the position that changes in mRNA levels are typically accompanied by 
changes in levels of the encoded polypeptide. Of this submitted evidence, the Examiner has 
considered two publications, Zhigang and Meric, 

Regarding Zhigang, the Examiner appears to not disagree with Appellants 
characterization of Zhigang as demonstrating a high degree of correlation between mRNA 
expression and protein expression, and instead states, "[njevertheless, in the instance [sic] 
application, we have no correlation." Final Office Action, at page 9. Thus, the Examiner does 
not consider any evidence on the record in dismissing Zhigang. Instead, as discussed above, the 
Examiner is requiring Appellants' specification to provide additional evidence to initially 
establish the utility of the claimed antibodies. Moreover, the Examiner appears to take the 
position that it is not sufficient for Appellants to provide evidence that one skilled in the art 
would expect that because the PRO 1557 mRNA is differentially expressed in particular tumors, 
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the PRO 1557 polypeptide also would be differentially expressed. As discussed above, the 
Examiner is wrongly placing the initial burden on Appellants to establish the utility of the 
claimed antibodies. Appellants have asserted utility for the claimed antibodies, have provided 
evidence of differential expression of the PRO 1557 mRNA, and have provided evidence that one 
skilled in the art would expect the PRO 15 57 polypeptide also to be differentially expressed. For 
the Examiner to require more without providing evidence or reasoning to the contrary is 
inconsistent with PTO and court guidelines. 

Regarding Meric, in response to Appellants statements that exploiting differences in gene 
expression between cancer cells and normal cells rely on correlation between gene expression 
and protein levels, the Examiner stated, "[wjhile this statement is generally true, the instantly 
claimed invention cannot be used as a cancer therapeutic or diagnostic because of the 
information missing to support such a use as discussed above." Final Office Action, at page 9. 
Thus, again, the Examiner is wrongly placing the initial burden on Appellants to establish the 
utility of the claimed antibodies. As Appellants have stated, this position is inconsistent with 
PTO and court guidelines. 

The Examiner dismisses the textbook excerpts without addressing them in any way. As 

provided in the M.P.E.P.: 

It is essential for Office personnel to recognize, fully consider and respond to each 
substantive element of any response to a rejection based on lack of utility. Only 
where the totality of the record continues to show that the asserted utility is not 
specific, substantial, and credible should a rejection based on lack of utility be 
maintained. M,P,E.P. § 2107 

Appellants have submitted Declarations, textbook excerpts and research articles in 
support of Appellants assertion that one skilled in the art would have believed that changes in 
mRNA levels are typically accompanied by changes in levels of the encoded polypeptide. The 
Examiner has dismissed this evidence because Appellants allegedly have not initially established 
the utility of the claimed antibodies. In so doing, the Examiner not only wrongly places the 
initial burden on Appellants, but also wrongly fails to fully consider Appellants' submitted 
evidence in determining whether the utility rejection should be maintained. Appellants submit 
that, contrary to the Examiner's holding, the totality of the record shows that the asserted utility 
is specific, substantial, and credible, and the Examiner's holding otherwise does not represent a 
fair and full consideration of the totality of the record, as required. 

-41 - 



Appl. No. : 10/063,592 

Filed : May 3, 2002 



9. The Courts have held that the Utility Requirement was Satisfied in Similar 
Cases 

The seminal decision interpreting the utiHty requirement of 35 U.S.C. § 101 is Brenner v, 
Manson, 383 U.S. 519, 148 U.S.P.Q. 689 (1966). At issue in Brenner was a claim to "a 
chemical process which yields an already known product whose utility - other than as a possible 
object of scientific inquiry - ha[d] not yet been evidenced." Id, at 529, 148 U.S.P.Q. at 693. The 
Patent Office rejected the claimed process for lack of utility because the product produced by the 
claimed process had no known use. See id, at 521-22, 148 U.S.P.Q. at 690. On appeal, the Court 
of Customs and Patent Appeals reversed, holding "where a claimed process produces a knovm 
product it is not necessary to show utility for the product." Id. at 522, 148 U.S.P.Q. at 691. 

In reviewing the lower court's decision, the Court made its oft quoted statement that 
"[t]he basic quid pro quo contemplated by the Constitution and the Congress for granting a 
patent monopoly is the benefit derived by the public from an invention with substantial utility. 
Unless and until a process is refined and developed to this point - where specific benefit exists in 
currently available form - there is insufficient justification for permitting an Appellant to engross 
what may prove to be a broad field." Id at 534-35, 148 U.S.P.Q. at 695. 

The first opinion of the C.C.P.A. applying Brenner was In re Kirk, 376 F.2d 936, 153 
U.S.P.Q. 48 (C.C.P.A. 1967). The invention claimed in Kirk was a set of steroid derivatives said 
to have valuable biological properties and to be of value "in the furtherance of steroidal research 
and in the application of steroidal materials to veterinary or medical practice." Id. at 938, 153 
U.S.P.Q. at 50. In affirming the claim rejection based on a lack of utility, the court held that the 
"nebulous expressions 'biological activity' or 'biological properties'" did not adequately convey 
how to use the claimed compounds." Id. at 941, 153 U.S.P.Q. at 52. The court also rejected 
Appellants' supporting affidavit, stating, "the sum and substance of the affidavit appears to be 
that one of ordinary skill in the art would know 'how to use' the compounds to find out in the 
first instance whether the compounds are - or are not - in fact useful or possess useful properties, 
and to ascertain what those properties are." Id. at 942, 153 U.S.P.Q. at 53. 

Since these early decisions, the courts have continued to clarify what is sufficient to 
satisfy the utility requirement. Three more recent decisions are of particular relevance to the 
instant application: Nelson v. Bowler, 626 F.2d 853, 206 U.S.P.Q. 881 (C.C.P.A. 1980), Cross v. 
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lizuka, 753 F.2d 1040, 224 U.S.P.Q. 739 (Fed. Cir. 1985), and Fujikawa v. Wattanasin, 93 F.3d 
1559, 39 U.S.P.Q. 2d 1895 (Fed. Cir. 1996). 

The earliest of these cases, Nelson v. Bowler, involved an interference between two 
applications related to derivatives of naturally occurring prostaglandins (PG). Nelson, 626 F.2d 
at 854-55. The issue was whether Nelson had shown at least one utility for the compounds at 
issue to establish an actual reduction to practice. Id. at 855. The Appellants relied on two tests 
to prove practical utility: an in vivo rat blood pressure (BP) test and an in vitro gerbil colon 
smooth muscle stimulation (GC-SMS) test. In the BP test, the blood pressure of anesthetized 
rats was recorded on a polygraph chart to determine whether an injected compound had any 
effect. Responses were categorized as either a depressor (lowering) effect or a pressor 
(elevating) effect. Id In the GC-SMS test a section of colon was excised from a freshly-killed 
gerbil for suspension in a physiological solution, and a lever arm was connected to the colon in 
such a way that any contraction was recorded as a polygraph trace. Id, The Board held that 
Nelson had not shown adequate proof of practical utility, characterizing the tests as "rough 
screens, uncorrelated with actual utility." Id. at 856. 

On appeal the C.C.P.A. reversed, holding that the Board "erred in not recognizing that 

tests evidencing pharmacological activity may manifest a practical utility even though they may 

not establish a specific therapeutic use." Id. The Court stated that "practical utility" was 

characterized as a use of the claimed discovery in a manner which provides some immediate 

benefit to the public, establishing the following rule: 

Knowledge of the pharmacological activity of any compound is obviously 
beneficial to the public. It is inherently faster and easier to combat illnesses and 
alleviate symptoms when the medical profession is armed with an arsenal of 
chemicals having known pharmacological activities. Since it is crucial to provide 
researchers with an incentive to disclose pharmacological activities in as many 
compounds as possible, we conclude that adequate proof of miy such activity 
constitutes a showing of practical utility. Id. (emphasis added). 

The Court rejected Bowler's argument that the BP and GC-SMS tests are inconclusive 
showings of pharmacological activity since confirmation by statistically significant means did 
not occur until after the critical date. The Court stated that "a rigorous correlation is not 
necessary where the test for pharmacological activity is reasonably indicative of the desired 
response." Id. (emphasis added). The Court concluded that a " reasonable correlation " between 
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the observed properties and the suggested use was sufficient to establish practical utility. Id at 
857. 

The sufficiency of a "reasonable correlation" in establishing utility was affirmed by the 
Court of Appeals for the Federal Circuit in Cross v. lizuka, 753 F.2d 1040, 224 U.S.P.Q. 739 
(Fed. Cir. 1985). In Cross, the subject of the interference before the Court was imidazole 
derivative compounds which inhibit the synthesis of thromboxane synthetase, an enzyme which 
leads to the formation of thromboxane A2. At the time the applications were filed, 
thromboxane A2 was postulated to be involved in platelet aggregation, which was associated 
with several deleterious conditions. M at 1042. 

The question before the Board and reviewed by the Court was whether lizuka was 
entitled to the benefit of his Japanese priority application. Id The Japanese application 
disclosed that the imidazole derivatives showed strong inhibitory action for thromboxane 
synthetase from human or bovine platelet microsomes, an in vitro utility. Id. at 1043. Relying in 
part on Nelson, the Board held that tests evidencing pharmacological activity may manifest a 
practical utility even though they may not establish a specific therapeutic use, and concluded that 
the in vitro tests were sufficient to establish a practical utility. Id. 

On appeal, Cross argued that the basic in vitro tests conducted in cellular fractions did not 
establish a practical utility for the claimed compounds, and that more sophisticated in vitro or in 
vivo tests were necessary to establish a practical utility. Id. at 1050. The Court rejected this 
argument, noting that adequate proof of any pharmaceutical activity constitutes a showing of 
practical utility. Id, The Court accepted the argument that initial testing of compounds is widely 
done in vitro: 

[I\n vitro results... are generally predictive of in vivo test results, i.e., there is a 
reasonable correlation therebetween. Were this not so, the testing procedures of 
the pharmaceutical industry would not be as they are. lizuka has not urged, and 
rightly so, that there is an invariable exact correlation between in vitro test results 
and in vivo test results. Rather, lizuka' s position is that successful in vitro testing 
for a particular pharmacological activity establishes a significant probability that 
in vivo testing for this particular pharmacological activity will be successful. M 
(emphasis added). 

The Court also noted that in previous decisions, its predecessor court had accepted 

evidence of in vivo utility as sufficient to establish practical utility. The Court reasoned that: 

This in vivo testing is but an intermediate link in a screening chain which may 
eventually lead to the use of the drug as a therapeutic agent in humans. We 
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perceive no insurmountable difficulty, under appropriate circumstances, in finding 
that the first link in the screening chain, in vitro testing, may establish a practical 
utility for the compound in question. Successfi^l in vitro testing will marshal 
resources and direct the expenditure of effort to further in vivo testing of the most 
potent compounds, thereby providing an immediate benefit to the public, 
analogous to the benefit provided by the showing of an in vivo utility . Id at 1051, 
citing Nelson, 626 F.2d at 856 (emphasis added). 

Based on this reasoning, the Court affirmed the decision of the Board, stating that "based 
upon the relevant evidence as a whole, there is a reasonable correlation between the disclosed in 
vitro utility and an in vivo activity, and therefore a rigorous correlation is not necessary where 
the disclosure of pharmacological activity is reasonable based upon the probative evidence." Id 
at 1050 (emphasis added). The Court therefore held that the disclosed in vitro utility was 
"sufficient to comply with the practical utility requirement of § 101." Id. at 1051. 

The holdings of Nelson and Cross were more recently affirmed in Fujikawa v. 

Wattanasin, 93 F.3d 1559, 39 U.S.P.Q.2d 1895 (Fed. Cir. 1996). In Fujikawa, the Court again 

affirmed the notion that initial screens of compounds provide a practical utility even though they 

may not provide a therapeutic use because "'[i]t is inherendy faster and easier to combat 

illnesses and alleviate symptoms when the medical profession is armed with an arsenal of 

chemicals having known pharmacological activities.'" Id. at 1564, quoting Nelson, 626 F.2d at 

856. The Court noted that it may be difficult to predict whether novel compounds will exhibit 

pharmacological activity, and consequently testing is often required to establish practical utility. 

Id. However the Court went on to state: 

But the test results need not absolutely prove that the compound is 
pharmacologically active. All that is required is that the tests be ''reasonably 
indicative of the desired [pharmacological] response." In other words, there must 
be a sufficient correlation between the tests and an asserted pharmacological 
activity so as to convince those skilled in the art, to a reasonable probability , that 
the novel compound will exhibit the asserted pharmacological behavior." Id. 
(internal citations omitted, underline emphasis added, italics in original). 

On appeal, Fujikawa argued that Wattanasin had failed to establish an adequate 

correlation between the in vitro and in vivo results to permit Wattanasin to rely on positive in 

vitro results to establish a practical utility. The Court stated that the Board relied on testimony 

from those skilled in the art that the in vitro results convinced the experts that the claimed 

compounds would exhibit the desired pharmacological activity when administered in vivo, 

including testimony that in vivo activity is typically highly correctable to a compound's in vitro 
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activity in the field. Id. at 1565. To overcome this evidence and counter the Board's decision, 
Fujikawa pointed to the testimony of its expert that "there is a reasonable element of doubt that 
some elements may be encountered which are active in the in vitro assay, but yet inactive in the 
in vivo assay." Id. 

The Court rejected this argument: "Of course, it is possible that some compounds active 
in vitro may not be active in vivo. But, as our predecessor court in Nelson explained, a 'rigorous 
correlation' need not be shown in order to establish practical utility; 'reasonable correlation' 
suffices ." Id. (emphasis added). The Court also rejected Fujikawa's reliance on two articles. 
The Court noted that while one article taught that "m vitro testing is sometimes not a good 
indicator of how potent a compound will be in vivo, it does imply that compounds which are 
active in vitro will normally exhibit some in vivo activity," Id. at 1566. Similarly, the Court 
noted that the second article expressly stated that "[f|or most substances, although not for all, the 
relative potency determined in in vitro . . . parallels the in vivo activity." Id. 

The Court concluded that the facts in the case were analogous to the ones in Cross where 
the court relied on a known reasonable correlation between in vitro tests and in vivo activity, and 
therefore affirmed the Board's decision that Wattanasin had established a practical utility with 
the in vitro results. Id. at 1565-66. 

The Nelson, Cross, and Fujikawa cases are very similar to the present case. The 
reasoning of the courts in all three cases that "'[i]t is inherently faster and easier to combat 
illnesses and alleviate symptoms when the medical profession is armed with an arsenal of 
chemicals having known pharmacological activities'" applies to the asserted utility for the 
claimed antibodies. Fujikawa, 93 F.3d at 1564, quoting Nelson, 626 F.2d at 856; see also Cross, 
753 F.2d at 1051 ("Successful in vitro testing will marshal resources and direct the expenditure 
of effort to further in vivo testing of the most potent compounds, thereby providing an immediate 
benefit to the public, analogous to the benefit provided by the showing of an in vivo utility."). 
Like pharmaceutical compounds, nucleic acids, polypeptides, and antibodies which are 
associated with cancer will make it inherently faster and easier to combat cancer. The greater the 
number of biological markers of cancer medical professionals have access to, the more accurate 
and detailed a diagnosis they can make. The determination that a gene is differentially expressed 
in cancer constitutes at least as significant a development in the field of cancer diagnostics as in 
vitro screening for pharmaceutical activity. See Cross, 753 F.2d at 1051 ("the first link in the 
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screening chain, in vitro testing, may establish a practical utility for the compound in question. 
Successful in vitro testing will marshal resources and direct the expenditure of effort to further in 
vivo testing of the most potent compounds, thereby providing an immediate benefit to the 
public"). 

In addition, like in vitro tests in the pharmaceutical industry, those of skill in the field of 
biotechnology rely on the reasonable correlation that exists between gene expression and protein 
expression (see discussion supra). Were there no reasonable correlation between the two, the 
techniques that measure gene levels such as microarray analysis, differential display, and 
quantitative PGR would not be so widely used by those in the art. See Second Grimaldi 
Declaration at ^ 5. As in Cross, Appellants here do not argue that there is "an invariable exact 
correlation" between gene expression and protein expression. See Cross^ 753 F.2d at 1050. 
Instead, Appellants' position detailed above is that a measured change in gene expression in 
cancer cells establishes a "significant probability" that the expression of the encoded polypeptide 
in cancer will also be changed based on "a reasonable correlation therebetween." Id. ; see also 
Fujikawa, 93 F.3d at 1565 ("a 'rigorous correlation' need not be shown in order to establish 
practical utility; 'reasonable correlation' suffices"); Nelson, 626 F.2d at 857 (holding that "a 
rigorous correlation is not necessary" and that a "reasonable correlation" will suffice). 

Also of importance is the Court's rejection of the notion that any in vitro testing must be 
statistically significant to support a practical utility. Nelson, 626 F.2d at 857. Likewise, 
qualitative characterizations of a test compound as either increasing or decreasing blood pressure 
was acceptable. Id. at 855 (stating that responses were categorized as either a depressor 
(lowering) effect or a pressor (elevating) effect). This is similar to the data in Example 18, 
where the change in mRNA levels is described as "more highly expressed." 

The Examiner has stated that "[t]he instant situation is directly analogous to that which 
was addressed in Brenner v. Manson, 148 U.S.P.Q. 689 (Sus. [sic] Ct, 1966)." Final Office 
Action, at page 6. However, the Examiner points to no facts whatsoever in either Brenner v. 
Manson or the present case in support of the assertion that they are "directly analogous." 
Appellants submit that the present case is not similar to Brenner v. Manson. In Brenner v. 
Manson, the claimed subject matter at issue was a process for making a product with no known 
utility. In the present case, the claimed subject matter is directed to antibodies that are useful for 
cancer diagnostics, and Appellants' assertions of utility are supported by differential expression 
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data of the encoding mRNA. Thus, Appellants submit that the above-discussed court cases 
which followed Brenner v. Manson are most related to the instant situation, and these cases have 
held in favor of a utility for the claimed subject matter. 

In conclusion, Appellants have asserted that the claimed antibodies are useful for the 
diagnosis of cancer, particularly esophageal and kidney cancer based on the data in Example 18. 
This utility is far beyond the nebulous expressions "biological activity" or "biological properties" 
rejected in In re Kirk, 376 F.2d 936, 153 U.S.P.Q. 48 (C.C.P.A. 1967). Like Nelson, Cross, and 
Fujikawa, Appellants have asserted a utility which relies on a reasonable correlation between the 
data disclosed in the application and the asserted utility. The fact that there may be limited 
evidence that the correlation is not exact does not invalidate Appellants' showing of utility since 
the correlation need not be a rigorous or exact one. Considering the relevant evidence as a whole, 
Appellants have provided sufficient evidence to establish a reasonable correlation between 
changes in the level of mRNA and corresponding changes in the level of the encoded 
polypeptide. Therefore the claimed antibodies have a practical utility as diagnostic tools for 
esophageal and kidney cancer. 

10. Utility - Conclusion 

Appellants' asserted utility for the claimed antibodies as diagnostic tools for cancer 
corresponds in scope to the subject matter sought to be patented and therefore "must be taken as 
sufficient to satisfy the utility requirement of § 101 for the entire claimed subject." In re Langer, 
503 F.2d 1380, 1391, 183 U.S.P.Q. 288, 297 (C.C.P.A. 1974). The Examiner's unsupported 
arguments and references are not sufficient evidence to make a prima facie showing that "one of 
ordinary skill in the art would reasonably doubt the asserted utility." In re Brana, 51 F.3d 1560, 
1566, 34 U.S.P.Q.2d 1436 (Fed. Cir. 1995). 

And even if the Examiner has established a prima facie case, Appellants have offered 
sufficient rebuttal evidence in the form of expert declarations and references, which, when 
considered as a whole, establish that it is more likely than not that the asserted utility is true. See 
In re Oetiker, 977 F.2d 1443, 1445, 24 U.S.P.Q.2d 1443, 1444 (Fed. Cir. 1992) (stating that the 
evidentiary standard to be used throughout ex parte examination in setting forth a rejection is a 
preponderance of the evidence, or "more likely than not" standard); M.P.E.P, at § 2107.02, part 
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VII ("evidence will be sufficient if, considered as a whole, it leads a person of ordinary skill in 
the art to conclude that the asserted utility is more likely than not true .") (emphasis in original). 

Finally, the courts' decisions in similar cases make clear that the evidence provided by 
Appellants is sufficient to establish the asserted utility. The evidence does not need to be direct 
evidence, nor does it need to provide an exact correlation between the submitted evidence and 
the asserted utility. Instead, evidence which is "reasonably" correlated with the asserted utility is 
sufficient. See Fujikawa, 93 F.3d at 1565 ("a 'rigorous correlation' need not be shown in order 
to establish practical utility; 'reasonable correlation' suffices"); Cross, 753 F.2d at 1050 (same); 
Nelson, 626 F.2d at 857 (same). Considering the evidence as a whole in light of the relevant 
cases, the Board should find that Appellants have established at least one specific, substantial, 
and credible utility, and the Examiner's rejection of the pending claims as lacking utility should 
be reversed. 

C. Enablement Rejection 

The second issue before the Board is whether Appellants have enabled the pending 
claims such that one of skill in the art would be able to make and use the claimed invention. The 
Examiner has rejected Claims 1-5 under 35 U.S.C. § 112, first paragraph, asserting that because 
the claimed invention is not supported by either a specific or substantial asserted utility or a well- 
established utility, one skilled in the art would not know how to use the claimed invention. See 
Final Office Action, at page 2. 

The Examiner recites the factors for determining enablement from In re Wands, 858 F.2d 
731, 8 U.S.P.Q. 2d 1400 (Fed. Cir. 1988), relying on the arguments made in support of the 
rejection for lack of utility. 

Appellants submit that Claims 1-5 are enabled such that one of skill in the art could make 
euid use the claimed antibodies without undue experimentation. Applicants submit that how to 
make an antibody that specifically binds to the polypeptide of SEQ ID NO: 82 was within the 
skill in the art. See In re Wands, 858 F.2d 731 (reversing the Board's decision of non- 
enablement and holding that as of 1980, undue experimentation was not required to make high- 
affinity monoclonal antibodies to a target peptide). Thus, one of skill in the art would be able to 
make the claimed antibodies without undue experimentation. The Examiner has not made any 
arguments to the contrary. 
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As described above. Appellants assert that the claimed antibodies are useful as diagnostic 
tools for cancer, particularly esophageal and kidney cancer. This use is based in part on the 
disclosure in Example 18 of the instant application that the nucleic acid encoding the PRO 1557 
polypeptide is at least two-fold differentially expressed in esophageal and kidney tumor relative 
to normal esophageal and kidney tissue, respectively. As detailed above, it is well-established 
that changes in expression levels of mRNA leads to corresponding changes in expression levels 
of the encoded polypeptide, and thus it is likely that the PRO 1557 polypeptide also is 
differentially expressed in esophageal and kidney cancer. Thus, based on the disclosure in the 
application, one of skill in the art would be able to use the claimed antibodies as diagnostic tools 
to distinguish suspected esophageal and kidney tumors from normal tissue without undue 
experimentation. 

1. Enablement - Lesal Standard 

An application enables the claims "if one skilled in the art, after reading the[] disclosure[], 
could practice the invention claimed ... without undue experimentation." Chiron Corp. v. 
Genentech Inc., 363 F.3d 1247, 1253 (Fed. Cir. 2004). "But the question of undue 
experimentation is a matter of degree. The fact that some experimentation is necessary does not 
preclude enablement; what is required is that the amount of experimentation 'must not be unduly 
extensive.'" PPG Indus., Inc. v. Guardian Indus,, Corp,, 75 F.3d 1558, 1564 (Fed. Cir. 1996) 
(quoting Atlas Powder Co, v. KI DuPont de Nemours & Co., 750 F.2d 1569, 1576 (Fed. Cir. 
1984)). 

While the application must enable one skilled in the art to practice the full scope of the 
claimed invention, "[t]hat is not to say that the specification itself must necessarily describe how 
to make and use every possible variant of the claimed invention, for the artisan's knowledge of 
the prior art and routine experimentation can often fill gaps, interpolate between embodiments, 
and perhaps even extrapolate beyond the disclosed embodiments, depending upon the 
predictability of the art." AK Steel Corp v. Sollac, 344 F.3d 1234, 1244 (Fed. Cir. 2003). 

"Enablement is not precluded by the necessity for some experimentation such as routine 
screening. However, experimentation needed to practice the invention must not be undue 
experimentation. The key word is 'undue,' not 'experimentation.'" In re Wands 858 F.2d 731, 
736-7, 8 U.S.P.Q.2d 1400, (Fed. Cir. 1988), citations omitted. 
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It is equally clear that a rejection based on "lack of utility/' whether grounded 
upon 35 U.S.C. 101 or 35 U.S.C. 1 12, first paragraph, rests on the same basis (i.e.. 
the asserted utility is not credible) . To avoid confusion, any rejection that is 
imposed on the basis of 35 U.S.C. 101 should be accompanied by a rejection 
based on 35 U.S.C. 112, first paragraph. The 35 U.S.C. 112, first paragraph, 
rejection should be set out as a separate rejection that incorporates by reference 
the factual basis and conclusions set forth in the 35 U.S.C. 101 rejection. The 35 
U.S.C. 112, first paragraph, rejection should indicate that because the invention as 
claimed does not have utility, a person skilled in the art would not be able to use 
the invention as claimed, and as such, the claim is defective under 35 U.S.C. 1 12, 
first paragraph. A 35 U.S.C. 112. first paragraph, rejection should not be imposed 
or maintained unless an appropriate basis exists for imposing a rejection under 35 
U.S.C. 101. In other words, Office personnel should not impose a 35 U.S.C. 
112, first paragraph, rejection grounded on a ^4ack of utility^' basis unless a 
35 U.S.C, 101 rejection is proper . In particular, the factual showing needed to 
impose a rejection under 35 U.S.C. 101 must be provided if a rejection under 35 
U.S.C. 112, first paragraph, is to be imposed on "lack of utility" grounds. 

*** 

To avoid confusion during examination, any rejection under 35 U.S.C. 112, first 
paragraph, based on grounds other than "lack of utility" should be imposed 
separately from any rejection imposed due to "lack of utility" under 35 U.S.C. 
101 and 35 U.S.C. 112, first paragraph. M,P,KP, § 2107.01 IV (emphasis added). 

2. Enablement - Burden of Proof 

In order to make an enablement rejection, the PTO has the initial burden to establish a 
reasonable basis to question the enablement provided for the claimed invention. See M.P,E,P, 
§ 2164.04. A specification teaching how to make and use the claimed subject matter must be 
taken as being in compliance with the enablement requirement unless there is a reason to doubt 
the objective truth of the statements contained therein which are relied on for enabling support. 
Id It is incumbent for the PTO "to explain why it doubts the truth or accuracy of any statement 
in a supporting disclosure and to back up assertions of its own with acceptable evidence or 
reasoning which is inconsistent with the contested statement." Id (quoting In re Marzocchi, 439 
F.2d 220, 224, 169 U.S.P.Q. 367, 370 (C.C.P.A. 1971). This can be done "by making specific 
findings of fact, supported by the evidence, and then drawing conclusions based on these 
findings of fact." Id, 



-51 - 



Appl. No. : 10/063,592 

Filed : May 3, 2002 



3. Enablement - Standard of Proof 

Once the examiner has weighed all the evidence and established a reasonable basis to 
question the enablement provided for the claimed invention, the burden falls on the applicant to 
present persuasive arguments, supported by suitable proofs where necessary, that one skilled in 
the art would be able to make and use the claimed invention using the application as a guide. See 
M.P,E,P. § 2164.05. "The evidence provided by applicant need not be conclusive but merely 
convincing to one skilled in the art." Id. (bold emphasis added, underline in original). "A 
declaration or affidavit is. itself, evidence that must be considered ." Id. (emphasis in original). 

The examiner must then "weigh all the evidence before him or her, including the 
specification and any new evidence supplied by applicant with evidence and/or sound scientific 
reasoning previously presented in the rejection and decide whether the claimed invention is 
enabled." Id. "The examiner should never make the determination based on personal opinion. 
The determination should always be based on the weight of all the evidence." Id, (emphasis in 
original). 

4. Appellants' Claimed Antibodies have Utility, and, therefore are Enabled 
Appellants submit that because the claimed antibodies have substantial, specific and 

credible utility, it is not proper to reject the claimed antibodies as lacking enablement on a "lack 
of utility" basis. In the final Office Action and Advisory Action, the Examiner's reasoning for 
rejecting the claims as lacking utility are closely interwoven with the Examiner's reasoning for 
rejecting the claims as lacking enablement. While Appellants acknowledge that claims can be 
rejected as drawn to subject matter having utility while nevertheless lacking enablement, in the 
instant case, the Examiner's reasoning and submitted evidence for holding that the claims lack 
enablement are the same as those for holding that the claims lack utility. Thus, by interweaving 
utility and enablement rejections, the Examiner demonstrates that the enablement rejection is 
grounded on a "lack of utility" basis. 
Under the M.P.E.P.: 

A 35 U.S.C. 112, first paragraph, rejection should not be imposed or maintained 
unless an appropriate basis exists for imposing a rejection under 35 U.S.C. 101. In 
other words. Office personnel should not impose a 35 U.S.C. 1 12, first paragraph, 
rejection grounded on a "lack of utility" basis unless a 35 U.S.C. 101 rejection is 
proper, M.P.E.P. § 2107.01 IV (emphasis added). 
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Appellants submit that because the Examiner's enablement rejection is grounded on a 
"lack of utility" basis, the present enablement rejection is only proper if the utility rejection is 
proper. Appellants have argued above that one skilled in the art would have believed the 
claimed antibodies have a substantial, specific and credible utility, and, thus, a utility rejection 
for the claimed antibodies is not proper. Appellants further submit that because a utility rejection 
for the claimed antibodies is not proper, the Examiner's enablement rejection of the claimed 
antibodies also is not proper. 

The Examiner appears to take a different position on this matter. In response to 
Appellants' citation of In re Brana as holding that usefulness in patent law necessarily includes 
the expectation of further research and development, the Examiner stated: 

The argument has been fully considered, but is not persuasive. Brana did deal 
with a rejection under 35 USC 112, first paragraph, however, the rejection was 
direct [sic] toward utility-specific, substantial and credible use. While it is true 
that administration of a pharmaceutical to a human is not always necessary for 
either utility or enablement, one must know how to use the invention without 
undue experimentation. In the instant situation, Applicants claim an antibody to 
the polypeptide of SEQ ID NO:82, of which it is maintained the disclosure does 
not enable the use because further research and development needed involves 
undue experimentation and the specification has insufficient guidance or direction, 
for example, for enablement and utility as previously discussed. Final Office 
Action^ at page 3. 

Thus, the Examiner acknowledges Brana considered the propriety of a rejection under 35 U.S.C. 

§112, first paragraph, by evaluating whether or not the claimed subject matter had a utility. 

However, the Examiner appears to take the position that Brana is not applicable to the present 

enablement rejection because Brana was directed to a finding of a lack of utility. Appellants 

submit that Brana is applicable to the present case because the instant enablement rejection is 

based on the assertion that one would not have known how to use a polypeptide that lacked 

utility, and, thus, very closely parallels the rejection at issue in Brana, Thus, in accordance with 

Brana, Appellants submit that because one skilled in the art would have recognized the utility of 

the claimed antibodies (as discussed above), one skilled in the art would have known how to use 

the claimed antibodies. 

In the final Office Action, interspersed between sections directed to the utility rejection, 

the Examiner included a section discussing the factors to be considered in determining whether a 
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disclosure meets the enablement requirement as described in In re Wands, 858 F.2d 731, 8 

U.S.P.Q. 2d 1400 (Fed. Cir. 1988), in evaluating whether Appellants' asserted utility would have 

enabled one skilled in the art to use the claimed antibodies. Briefly, the Examiner's "Wands 

factors" analysis is based on arguments already used in asserting that the claims lack utility: the 

protein did not have an art-recognized use, there is evidence that nucleic acid expression does not 

correlate with protein expression, and the specification does not provide sufficient experimental 

details. Furthermore, by interspersing arguments directed toward lack of utility with arguments 

directed toward lack of enablement, the Examiner demonstrates that the enablement rejection is 

based on lack of utility grounds. If the enablement rejection were to be based on grounds other 

than lack of utility, the utility and enablement rejections should have been imposed separately 

according to the M.P.E.P., which admonishes: 

To avoid confusion during examination, any rejection under 35 U.S.C. 1 12, first 
paragraph, based on grounds other than "lack of utility" should be imposed 
separately from any rejection imposed due to "lack of utility" under 35 U.S.C, 
101 and 35 U.S.C. 112, first paragraph. M,P,KP. § 2107.01 IV. 

The Examiner did not separate the enablement rejection from the utility rejection. Moreover, the 
Examiner's "Wands factors" analysis is not based on any argument or evidence not already used 
by the Examiner in holding that the claims lack utility. As such, the Examiner's "Wands factors" 
analysis is grounded on a "lack of utility" basis; accordingly, the Examiner's enablement 
rejection is only proper if the utility rejection is proper. 

In the Advisory Action, the Examiner further underscores that the enablement rejection is 
grounded on the lack of utility rejection: 

There is no enablement in the instant case for the protein or antibody, however. 
Binding a protein in kidney or esophagus samples when the significance/function 
of the protein is not known, does not confer enablement for the binding antibody. 

Applicants are direct [sic] to the Wands analysis, for example, on pages 3-4 of the 
previous Office action discussing why it would require undue experimentation to 
use the claimed invention. As stated in Brenner v. Manson {supra), a patent "...is 
not a reward for the search, but compensation for its successful conclusion." It is 
maintained for the reasons of record that the instant invention is not at a point 
where specific benefit exists in a currently available form. Advisory Action, at 
page 7. 
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Thus, the Examiner explains that the basis for the enablement rejection is that the 
"significance/function of the protein is not known" and the Examiner supports her enablement 
rejection in view of the Wands factors by citing Brenner v. Manson, which was directed to a 
finding of a lack of utility. 

In view of the above, Appellants submit that if the claimed antibodies are determined to 
have a substantial, specific and credible utility, the enablement rejection of the claims is 
improper because the enablement rejection is grounded on the lack of utility of the claimed 
antibodies. Appellants submit that in the above sections Appellants have demonstrated that one 
skilled in the art would have believed that the claimed antibodies have a substantial, specific and 
credible utility. Accordingly, Appellants submit that the enablement rejection of these claims is 
improper. 

5. Appellants* Specification Teaches How to Make and Use the Claimed Subject 
Matter 

Leaving aside Appellants' argument that the scope of the enablement rejection extends no 
further than the utility rejection, Appellants submit that the specification enables one skilled in 
the art to make and use the full scope of the claims without undue experimentation. The claimed 
subject matter relates to antibodies that specifically bind the polypeptide of SEQ ID NO: 82. 
The specification discloses how to make the claimed antibodies, for example in paragraphs 
[0365]-[0374] and Example 10. Similar methods also were known in the art. In addition, the 
specification discloses that the claimed antibodies can be used in diagnostic assays to detect the 
expression of PR01557 in specific types of tissue. See e.g., Specification at ^[0407]. In light of 
the differential expression of the nucleic acid encoding the PRO 1557 polypeptide in esophageal 
and kidney tumors compared to normal esophageal and kidney tissue, respectively, one of skill in 
the art would have expected the PRO 1557 polypeptide to be differentially expressed in these 
tumors as well. Therefore, given the teaching in the specification on how to make and use the 
claimed antibodies to detect expression of PRO 1557 polypeptide in specific tissues, one of skill 
in the art would have been enabled to practice the claimed invention without undue 
experimentation. 
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Because Appellants' specification teaches how to make and use the claimed subject 
matter, it must be taken as being in compliance with the enablement requirement unless there is a 
reason to doubt the objective truth of the statements contained therein which are relied on for 
enabling support. See M,P,KP, § 2164.04. 

6, The Examiner's Arsuments and Appellants* Responses 

As mentioned above, the Examiner has relied on the factors to be considered in 
determining whether a disclosure meets the enablement requirement as described in In re Wands, 
858 F.2d 731, 8 U.S.P.Q. 2d 1400 (Fed. Cir. 1988). The Examiner's arguments are solely 
directed at the "use" prong of the enablement question. Despite Appellants' position that the 
Examiner's "Wands factors" analysis is based on the asserted lack of utility, Appellants 
nevertheless reply to the Examiner's arguments regarding each "Wands factor" in turn below. 

a. The breadth of the claims 

The Examiner states that the "breadth of the claims is not at issue." Final Office Action, 
at page 4. Appellants submit that the presently claimed antibodies do not encompass an unduly 
broad scope. Hence, Appellants submit that the scope of the claims weighs in favor of 
enablement. 

b. The nature of the invention 

The Examiner argues that the nature of the invention is a polypeptide without a 
"recognized/characterized physiological/biochemical property." 

The nature of the invention is an antibody. Antibodies have been known in the art for 
many years, and methods for making, assaying and using antibodies are well established. As 
discussed below. Appellants' specification provides the specific teachings relevant to the claimed 
antibodies including, for example, use for diagnostic purposes. 

Thus, contrary to the Examiner's assertions, the nature of the invention weighs in favor of 
enablement as it is a predictable and well-established aspect of biology, and Appellants' 
specification provides specific teachings regarding the claimed antibodies. 
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c. The state of the prior art 

Regarding the state of the prior art, the Examiner states that the connection of SEQ ID 
N0:81 to tumors was not known, and that the relationship of PRO 1557 to a family of proteins 
was not known. 

Appellants acknowledge the Examiner's statements toward the novelty of the claimed 
antibodies. 

Regarding the state of the prior art, however, Appellants submit that methods of making 
antibodies such as the claimed antibodies were well known in the art, and methods of using 
antibodies for detecting polypeptides such as the PRO 1557 polypeptide in tissue samples were 
well known in the art. As discussed above in relation to utility, the Appellants' specification has 
provided teachings regarding differential expression of mRNA encoding the PRO 1557 
polypeptide in tumors which, based on the state of the prior art, is sufficient to indicate that the 
PR01557 polypeptide is differentially expressed in tumors. Thus, the prior art's lack of specific 
teachings of PR01557 is moot for purposes of enablement of the claimed antibodies. 

Because methods of making and using polypeptides and methods of making and using 
antibodies that bind particular polypeptides were well known in the prior art, this factor weighs 
in favor of enablement. 

d. Level of skill in the art 

The Examiner states that the skill in the art of differential nucleic acid screening has 
existed for over a decade, but depends on "relative or absolute levels of the difference(s), the 
ability to generalize to more than one cell culture or tumor type or, conversely, the ability to 
pinpoint a particular tumor type {e.g., adenocarcinoma versus squamal), and repeatability of the 
differential expression both in terms of frequency/prevalence and quantity/sensitivity." Final 
Office Action^ at page 4. No evidence is provided to support this characterization of the skill in 
the art. 

Appellants submit that the level of skill in the art of differential nucleic acid screening is 
not relevant to a determination of whether one skilled in the art would have been able to use the 
claimed antibodies. The Examiner does not focus on whether one skilled in the art would have 
been able to use the claimed antibodies, but instead whether Appellants' differential nucleotide 
expression data is credible, substantial and specific enough to establish that one of ordinary skill 
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would have expected an assay using the claimed antibodies to yield a useful experimental result. 
As discussed above, this ground for rejection is consistent with In re Brana and is based on lack 
of utility grounds. Furthermore, the Examiner acknowledges the utility of the differentially 
expressed nucleic acid encoding the PR01557 polypeptide. Thus, in view of the Examiner's 
finding of utility for the differentially expressed nucleic acid encoding the PR01557 polypeptide, 
this basis for rejecting the claims as lacking enablement is moot. 

Even if the Examiner's statements regarding differential nucleic acid screening were 
relevant, the Examiner makes assertions of fact not supported by any evidence. The unsupported 
assertion of fact regarding experimental specifics upon which differential nucleic acid screening 
depends represents a statement by official notice. See, e.g., In re Zurko, 258 F.3d 1379, 1385, 59 
U.S.P.Q.2d 1693, 1697 (Fed. Cir. 2001); and In re Ahlert, 424 F.2d 1088, 1091, 165 U.S.P.Q. 
418, 420 (CCPA 1970). Appellants submit that the experimental specifics for differential 
nucleic acid screening asserted by official notice are not well known or capable of instant and 
unquestionable demonstration as being well-known. Thus, in accordance with M.P.E.P. 
§ 2144.03C, the Examiner must provide documentary evidence demonstrating such asserted facts. 
In the absence of such evidence, this factual assertion cannot be established. 

The Examiner further states that "there is evidence in the prior art that even for those 
nucleic acids differentially expressed in tumors, a correlated expression for the encoded protein 
is not a given." Final Office Action^ at page 4. Appellants presume the Examiner is referring to 
the references by Haynes and Fessler. Appellants again submit that this ground for rejection is 
based on utility, and thus, is consistent with In re Brana. Furthermore, Appellants have provided 
evidence and arguments in the utility discussion above demonstrating that one or ordinary skill in 
the art would have expected that a change in mRNA expression levels would typically lead to a 
corresponding change in the level of the encoded polypeptide. Thus, in view of Appellants' 
previously presented evidence and arguments, this basis for rejecting the claims as lacking 
enablement is moot. 

Appellants submit that the level of skill in the art was high for methods for using 
antibodies to detect polypeptides, as taught in the specification, for example, at paragraph [0407] 
and references cited therein. The Examiner provides no reason to conclude otherwise. 

Furthermore, Appellants submit that, contrary to the Examiner's assertions, one of 
ordinary skill in the art would have expected that an assay using the claimed antibodies would 
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yield a useful experimental result. Appellants have responded at length to the Examiner's 
arguments in the utility discussion above, and refer the Board to the discussion of the utility 
rejection supra. 

In view of the high the level of skill in the art for methods of using antibodies to detect 
polypeptides, and in view of the credible, substantial and specific teachings of differential 
PRO 1557 polypeptide expression in esophageal and kidney tumor relative to normal esophageal 
and kidney tissue, respectively, the level of skill in the art for using the claimed antibodies to 
yield a useful experimental result was high. Accordingly, this factor weighs in favor of 
enablement. 

e. Level of predictabiliv in the art 
The Examiner does not assert that predictability in the art would suggest a lack of 
enablement of the claimed antibodies. Appellants presimie the Examiner to have intended to 
treat the level of skill in the art and predictability in the art together. Thus, Appellants submit 
that, in view of the above discussion, one skilled in the art would have been able to predictably 
use the claimed antibodies in diagnostic methods. As such, this factor weighs in favor of 
enablement. 

/ Guidance in the specification 
The Examiner states: 

There is very little guidance or direction about using the claimed antibody except 
that nucleic acid of SEQ ID NO: 81 which encodes the cognate polypeptide is 
more highly expressed in kidney and esophageal tumors. As discussed in 
previous Office actions, the specific type of tumor is not disclosed, nor are levels 
of expression, relative amounts or how many different tumor cDNA libraries from 
each tumor tissue were screened, for example. Final Office Action^ at page 4. 

Again, Appellants submit that the statements of the Examiner are directed to the 
disclosed differential expression of nucleic acid encoding the PR01557 polypeptide, and attempt 
establish a lack of enablement based on the grounds of a lack of utility. 

The specification provides ample guidance to one skilled in the art for the use of the 

claimed antibodies. As discussed above in relation to the utility rejection, the specification 

teaches that the polypeptide of SEQ ID NO: 82 (referred to as "PRO 1557 polypeptide") is 

encoded by the polynucleotide of SEQ ID NO: 81 (also referred to as DNA64902-1667). 
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Specification at [0107-0108]. In "Example 18: Tumor Versus Normal Differential Tissue 
Expression Distribution" Appellants disclose that the mRNA encoding PRO 1557 polypeptide is 
more highly expressed in esophageal and kidney tumor tissue compared to normal esophageal 
and kidney tissue, respectively. Specification at TfTj [0529]-[0530] and accompanying tables. As 
explained in paragraph [0530], the differential expression of the PRO 1557 mRNA was detected 
using the well-established technique of quantitative PGR amplification of cDNA libraries 
isolated from different human normal and tumor tissue samples. To ensure that equivalent 
amounts of nucleic acid were used in each reaction, the cDNA for P-actin was used as a control. 

The specification teaches that identification of the differential expression of a PRO 
polypeptide-encoding mRNA in one or more tumor tissues as compared to one or more normal 
tissues of the same tissue type "renders the molecule useful diagnostically for the determination 
of the presence or absence of tumor in a subject suspected of possessing a tumor." Specification 
at ^ [0530]. The Examiner has recognized that the teachings of differential expression of the 
PRO 1557 mRNA in the specification are sufficient to establish a utility for the nucleic acid 
encoding PR01557 polypeptide: "[I]t is agreed that the polynucleotide of SEQ ID N0:81 has 
this specific utility." Final Office Action, at page 10. 

Appellants have discussed above that it was well established in the art that changes in 
mRNA levels lead to changes in the level of the encoded protein, and the specification need not 
teach this relationship. Thus, Appellants submit that, based on the teachings of the specification 
and the knowledge in the art, one would have expected the PRO 1557 protein to be differentially 
expressed in esophageal and kidney tumors. 

The specification states that PRO polypeptides "may also be used diagnostically for 

tissue typing, wherein the PRO polypeptides of the present invention may be differentially 

expressed in one tissue as compared to another, preferably in a diseased tissue as compared to a 

normal tissue of the same tissue type." Specification at \ [0336]. The specification also 

discloses that PRO polypeptides and polypeptides related thereto can be used to generate anti- 

PRO antibodies. Id at ^ [0364] and H [0367]. The specification teaches that such antibodies to 

PRO polypeptides can be as diagnostic tools: 

[A]nti-PRO antibodies may be used in diagnostic assays for PRO [polypeptide], 
e.g., detecting its expression (and in some cases, differential expression) in 
specific cells, tissues, or serum. Various diagnostic assay techniques known in 
the art may be used, such as competitive binding assays, direct or indirect 
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sandwich assays and immunoprecipitation assays conducted in either 
heterogeneous or homogeneous phases. Specification at [0407]. 

Taken together, the specification provides substantial guidance regarding the use of the 
claimed antibodies as tools in diagnosing cancer, particularly esophageal and kidney cancer. 

The Examiner argues that the specification provides "very little guidance or direction" 
because various experimental specifics such as "specific type of tumor," "levels of expression, 
relative amounts or how many different tumor cDNA libraries from each tumor were screened" 
were not provided in the specification. No evidence is provided to indicate why such 
information must be disclosed. There is no requirement that a specification teach a level of 
experimental details that would obviate the need for any experimentation. Instead, 
"[e]nablement is not precluded by the necessity for some experimentation such as routine 
screening." In re Wands, 858 F.2d 731, 736-7, 8 U.S.P.Q. 2d 1400. The Examiner provides no 
evidence or reasoning for why absence of such experimental specifics would require more than 
routine screening for one skilled in the art to use the claimed antibodies. Accordingly, there is 
no factual basis for concluding that the specification provides "very little guidance or direction." 

Despite the lack of evidentiary support for the Examiner's position, Appellants submit 
that any additional experimental specifics represent routine experimental details that are readily 
determined by one skilled in the art in accordance with the knowledge in the art and the 
teachings of the specification. Appellants' specification identifies the PRO 1557 polypeptide, 
teaches methods for preparing antibodies to the PRO 1557 polypeptide, teaches methods for 
using such antibodies, and teaches particular organs to target in methods of using such antibodies. 
Specific experimental details for the use of the polypeptides and antibodies can be determined 
according to the methods that were well known in the art. 

Thus, contrary to the Examiner's assertions, the specification provides sufficient 
guidance on how to use the claimed antibodies such that this factor weighs in favor of 
enablement. 

g. Workim examples 

The Examiner does not assert that the application does not provide sufficient working 
examples. Appellants' working example demonstrates that the nucleic acid encoding the 
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PR01557 polypeptide is differentially expressed in esophageal and kidney tumor tissue relative 
to normal esophageal and kidney tissue, respectively. 

In "Example 18: Tumor Versus Normal Differential Tissue Expression Distribution" 
Appellants disclose that the mRNA encoding PRO 1557 polypeptide is more highly expressed in 
esophageal and kidney tumor tissue compared to normal esophageal and kidney tissue, 
respectively. Specification at ^ [0529]-[0530] and accompanying tables. As explained in 
paragraph [0530], the differential expression of the PR01557 mRNA was detected using the 
well-established technique of quantitative PGR amplification of cDNA libraries isolated from 
different human normal and tumor tissue samples. To ensure that equivalent amounts of nucleic 
acid were used in each reaction, the cDNA for p-actin was used as a control. 

Appellants submit that, in view of differential expression disclosed in Example 18 and 
the knowledge in the art, one skilled in the art would also have expected that the PRO 1557 
polypeptide was differentially expressed. As such, Appellants submit that the disclosure in 
Example 18 weighs in favor of enablement. 

h. The quantity of experimentation 

The Examiner makes no assertion regarding the quantity of experimentation required to 
use the claimed antibodies. 

Appellants submit that the claimed antibodies can be used as diagnostic tools for cancer 
by detecting the differential expression of the PR01557 polypeptide in esophageal and kidney 
tumors relative to normal esophageal and kidney tissue, respectively. Appellants submit that 
methods of using antibodies such as the claimed antibodies were well-established in the art. 
Further, the specification teaches particular organs to target in methods of using such antibodies. 

Thus, one skilled in the art would have known how to make and use the claimed 
antibodies, and would have known particular organs to target in detecting PRO 1557. As such, 
experiments could have readily been designed to directly target PRO 1557, with no more than 
routine amounts of experimentation required. Because the quantity of experimentation is low, 
this factor weighs in favor of enablement. The Examiner provides no reason to conclude 
otherwise. 
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Wands Factors - Conclusion 



Appellants submit that in view of the narrow scope of the claims, the nature of the 
claimed invention, the state of the prior art, the high level of skill in the art, the teachings of the 
specification, and the quantity of experimentation required to use the claimed subject matter, one 
skilled in the art could have used the claimed antibodies without undue experimentation. 

In the Examiner's entire analysis of the Wands factors, the Examiner points only once to 
evidence. The Examiner states that there is evidence in the prior art that even for nucleic acids 
differentially expressed in tumors, a correlated expression for the encoded protein is not a given. 
Appellants presume the Examiner to be referring to the publications by Haynes and Fessler, 
which are discussed in more detail above in regard to the utility rejection. Appellants have 
established that the totality of the record demonstrates that one skilled in the art would be more 
likely than not to expect a change in the level of mRNA to generally lead to a corresponding 
change in the level of the encoded polypeptide. Thus, the totality of the record does not support 
the Examiner's characterization of the knowledge in the art. Accordingly, in view of the 
teachings in the specification and the knowledge in the art, as exemplified in evidence submitted 
by Appellants and the Examiner, one skilled in the art would have expected the PRO 1557 
polypeptide to be differentially expressed. 

The Examiner argues that the specification is insufficient because various experimental 
specifics were not provided in the specification, and without disclosing such specifics, it would 
require undue experimentation to use the claimed antibodies. The fact that experimentation may 
be complex does not necessarily make it undue, if the art typically engages in such 
experimentation. M.P.E.P. § 2164.01; In re Certain Limited-Charge Cell Culture Microcarriers, 
221 U.S.P.Q. 1 165, 1 174 (Int'l Trade Comm'n 1983), affd. sub nom., Massachusetts Institute of 
Technology v, A,B, Fortia, llA F.2d 1104, 227 U.S.P.Q. 428 (Fed. Cir. 1985). See also In re 
Wands, 858 F.2d at 737, 8 U.S.P.Q.2d at 1404. The test of enablement is not whether any 
experimentation is necessary, but whether, if experimentation is necessary, it is undue. In re 
Angstadt, 537 F.2d 498, 504, 190 U.S.P.Q. 214, 219 (CCPA 1976). The test is not merely 
quantitative, since a considerable amount of experimentation is permissible, if it is merely 
routine, or if the specification in question provides a reasonable amount of guidance with respect 
to the direction in which the experimentation should proceed. In re Wands, 858 F.2d at 737, 
8 U.S.P.Q.2d at 1404, citing In re Jackson, 217 U.S.P.Q. 804, 807-808 (Bd. App. 1982). Based 
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on the teachings of the specification and the level of skill in the art, it was routine to make and 
use antibodies such as the claimed antibodies, in, for example, detecting proteins in designated 
tissue samples. No undue experimentation was required for a Ph.D. scientist with several years 
of experience to use these routine methods, in view of the teachings in the specification, in order 
to determine details such as the binding properties of the claimed antibodies, the ability of an 
antibody to bind to a sample, or specific details of sample binding. Accordingly, it would not 
have required undue experimentation for one skilled in the art to make and use the claimed 
antibodies. The claimed invention is, therefore, fully enabled. Moreover, the Examiner provides 
no evidence to support an assertion that, absent various specific experimental details, it would 
require undue experimentation to use the claimed antibodies. Absent such evidence, there is no 
reasonable basis to question the sufficiency of the disclosure. 

In view of the above, Appellants submit that the Wands factors support a finding that the 
specification, in view of the knowledge in the art, fully enabled the use of the claimed antibodies. 
The Examiner has provided no significant evidence or argument to the contrary. 

7. Enablement - Conclusion 

The Examiner's enablement rejection is grounded on a "lack of utility" basis, and, thus, 
the present enablement rejection is only proper if the utility rejection is proper. Appellants have 
argued above that one skilled in the art would have believed that the claimed antibodies have a 
substantial, specific and credible utility, and, thus, a utility rejection for the claimed antibodies is 
not proper. Appellants therefore submit that because a utility rejection for the claimed antibodies 
is not proper, the Examiner's enablement rejection of the claimed antibodies also is not proper. 

Furthermore, for the reasons discussed above, all of the In re Wands factors weigh in 
favor of a finding of enablement. The Examiner has made no attempt to argue that one of skill in 
the art would be unable to make the claimed antibodies. The Examiner's arguments are 
essentially the same as those made in support of the utility rejection, which fail for the reasons 
articulated above. Furthermore, the Examiner submits no significant evidence to support a 
finding of undue experimentation. Therefore, the Examiner has failed to meet the initial burden 
of establishing a reasonable basis to question the enablement provided for the claimed invention. 
SeeM.P.KP. §2164.04. 
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And even if the Examiner has met her initial burden, Appellants have pointed to specific 
teachings in the specification and have presented the evidence discussed above with respect to 
utility, that one skilled in the art would be able to make and use the claimed invention using the 
application as a guide. Appellants remind the Board that "[t]he evidence provided by applicant 
need not be conclusive but merely convincing to one skilled in the art." M.P^E.P. § 2164.05 
(emphasis in original). 

Considering all of the evidence provided by the Appellants to establish their asserted 
utility, along with the disclosure in the specification, the Board should find that Appellants have 
established that one of skill in the art would be able to make and use the claimed invention 
without undue experimentation, and the Examiner's rejection of the pending claims as lacking an 
enabling disclosure should be reversed. 

D. Anticipation Rejection 

The third issue before the Board is whether the claimed subject matter is anticipated 
under 35 U.S.C. § 102(b) over WO 00/70049 (published November 23, 2000). 

The Examiner asserts that "[bjecause the claims do not meet the requirements of 35 
U.S.C. § 112, first paragraph, and the earlier application likewise do [sic] not meet those 
requirements, the instant application does not receive benefit of priority to earlier filed 
applications." Final Office Action, at page 11. 

Appellants have previously listed the priority information for the instant application in a 
Preliminary Amendment mailed September 3, 2002. The preliminary amendment states that the 
instant "application is a continuation of, and claims priority under 35 U.S.C. § 120 to, US 
Application 10/006867 filed 12/6/2001, which is a continuation of, and claims priority under 35 
U.S.C. § 120 to, PCT Application PCT/USOO/23328 filed 8/24/2000, which is a continuation-in- 
part of, and claims priority under 35 U.S.C. § 120 to, US Application 09/403297 filed 
10/18/1999, now abandoned, which is the National Stage filed under 35 U.S.C. § 371 of PCT 
Application PCT/US99/20111 filed 9/1/1999, which claims priority under 35 U.S.C. § 119 to 
U.S. Provisional Application 60/105881 filed 10/27/1998." 

The sequences of SEQ ID NOs: 81 and 82 were first disclosed in U.S. Provisional 
Application 60/105881 filed 10/27/1998 in Figures 1 and 2. The data in Example 18 (Tumor 
Versus Normal Differential Tissue Expression Distribution), relied on in part for the utility of the 
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claimed antibodies, were first disclosed in PCT Application PCTAJSOO/23328 filed 8/24/2000, 
on page 93, line 3, through page 96, line 35. 

Appellants submit that, in view of the arguments above, the claimed antibodies have 
utility and are fully supported by the specification in accordance with 35 U.S.C. § 112, first 
paragraph. Moreover, Appellants submit that the previously filed applications, to which 
Appellants have properly claimed priority, also support the claimed antibodies. Even if it were 
to be determined that Appellants are not entitled to their earliest priority date, the subject matter 
of the present application was disclosed in, and therefore is entitled to the priority date of, PCT 
Application PCT/USOO/23328 filed August 24, 2000. Accordingly Appellants are entitled to a 
priority date no later than August 24, 2000. 

WO 00/70049 was published November 23, 2000. Thus, WO 00/70049 was not 
published more than one year prior to Appellants' priority date, as required under 35 U.S.C. 
§ 102(b). Accordingly, WO 00/70049 cannot be prior art under 35 U.S.C. § 102(b). 

In conclusion, Appellants submit that the present disclosure fully supports the claims 
under 35 U.S.C. §§ 101 and 112, first paragraph. Further, Appellants disclosure is entitled to a 
priority date of no later than August 24, 2000. Accordingly, the cited reference, which was not 
published more than a year prior to August 24, 2000, is not property prior art under 35 U.S.C. 
§ 102(b). Hence, Appellants respectftilly request that the Board reverse the Examiner's 
anticipation rejection of Claims 1-5 under 35 U.S.C. § 102(b). 
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E. Conclusion 

In view of the arguments presented above, Appellants submit that the specification as 
filed provides a specific, substantial and credible utility for the claimed antibodies and request 
withdrawal of the rejection under 35 U.S.C. § 101, and the related rejection under 35 U.S.C. 
§112. Appellants fiirther submit that the claimed antibodies are fully enabled by the 
specification, and request withdrawal of the remaining rejection under 35 U.S.C. § 1 12. Finally, 
Appellants submit that the claimed antibodies are not anticipated by the cited reference and 
accordingly request withdrawal of the rejection under 35 U.S.C. § 102(b). 

Please charge any additional fees, including any fees for additional extension of time, or 
credit overpayment to Deposit Account No. 11-1410. 



Respectfully submitted, 



KNOBBE, MARTENS, OLSON & BEAR, LLP 




ResJistration No. TK649 
Attorney of Record 
Customer No. 30,313 
(619) 235-8550 
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VIII. APPENDIX A - CLAIMS ON APPEAL 

1. (Previously presented) An isolated antibody that specifically binds to the 
polypeptide of SEQ ID NO: 82. 

2. (Original) The antibody of claim 1 which is a monoclonal antibody, 

3. (Original) The antibody of claim 1 which is a humanized antibody. 

4. (Original) The antibody of claim 1 which is an antibody fragment. 

5. (Original) The antibody of claim 1 which is labeled. 

6. (Canceled) 
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IX. APPENDIX B ^ EVIDENCE 

Attached hereto is a copy of the evidence cited in Appellants' Brief. The list of evidence 
below is accompanied by a statement setting forth where in the record that evidence was entered 
into the record by the Examiner. 



Tab Reference 



Submitted 



Entered 



1 


Hu et al. (J. Proteome 


Cited by Examiner in the first 




Res., (2003) 2(4):405- 


Office Action mailed January 




12) 


13, 2005 


2 


Wu etal. ((2003) Gene 


Cited by Examiner in the first 




311:105-110) 


Office Action mailed January 






13, 2005 



3 First Declaration of J. 
Christopher Grimaldi 



Submitted as Exhibit 1 with 
Appellants' Amendment and 
Response to Office Action 
mailed April 11,2005 



Not indicated as entered by the 
Examiner, but properly should 

have been entered as a matter 
of right in accordance with 37 
C.F.R. §1.111 



Second Declaration by 
J. Christopher Grimaldi 



Submitted as Exhibit 5 with 
Appellants' Amendment and 
Response to Office Action 
mailed April 11,2005 



Not indicated as entered by the 

Examiner, but properly should 
have been entered as a matter 
of right in accordance with 37 
C.F.R. § 1.111 



Declaration of Paul 
Polakis, Ph.D. 



Submitted as Exhibit 6 with 
Appellants' Amendment and 
Response to Office Action 
mailed April 11,2005 



Not indicated as entered by the 
Examiner, but properly should 
have been entered as a matter 
of right in accordance with 37 
C.F.R. § 1.111 



Bruce Alberts, et al , 
Molecular Biology of 
the Cell (3'^ed. 1994) 
hereinafter "Cell 3'^") 



Submitted as Exhibit 7 with 
Appellants' Amendment and 
Response to Office Action 
mailed April 11,2005 



Not indicated as entered by the 
Examiner, but properly should 
have been entered as a matter 
of right in accordance with 37 
C.F.R. § 1.111 



Bruce Alberts, et al. 
Molecular Biology of 



the Cell (4^'^ ed. 2002) 



Submitted as Exhibit 8 with 
Appellants' Amendment and 
Response to Office Action 
mailed April 11,2005 



Not indicated as entered by the 
Examiner, but properly should 
have been entered as a matter 
of right in accordance with 37 
C.F.R. § 1.111 



Benjamin Lewin, 
Genes VI (1997) 



Submitted as Exhibit 9 with 
Appellants' Amendment and 
Response to Office Action 
mailed April 11,2005 



Not indicated as entered by the 
Examiner, but properly should 
have been entered as a matter 
of right in accordance with 37 
C.F.R. § 1.111 



Zhigang et al. World 
Journal of Surgical 



Submitted as Exhibit 10 with 
Appellants' Amendment and 
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Oncology 2:13, 2004 


Response to Office Action 

*1 J A '111 ^i\/\C 

mailed April 11, 2005 


have been entered as a matter 
of right in accordance with 37 
C.F.R. § 1.111 


10 


Meric et ai. Molecular 


Submitted as Exhibit 1 1 with 


Not indicated as entered by the 




Cancer Therapeutics, 
vol. 1,971-979(2002) 


Appellants Amendment and 
Response to Office Action 
mailed April 11,2005 


Examiner, but properly should 
have been entered as a matter 
of right in accordance with 37 
Cr.K. § 1.111 


11 


Fessler etal. (J. Biol. 
Chem. (2002) 

z/ /.J izyi-j ijvZ) 




Cited by Examiner in the final 
Office Action mailed July 6, 

ZUUJ 


12 


Haynes et al. 
(Electrophoresis, 
(1998) 19(11):1862-71) 




Cited by Examiner in the final 
Office Action mailed July 6, 
2005 


13 


Gygi et al. Molecular 
and Cellular Biology, 
Mar. 1999, 1720-1730 


Submitted as Exhibit 3 with 
Appellants' Amendment and 
Response to final Office 


Acknowledged as already of 
record in Advisory Action 
mailed November 8, 2005 



Action mailed September 2, 
2005 
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There are no decisions rendered by a court or the Board in any related proceedings 
identified above. 

2042698 
1 10205 
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EXHIBIT 1 
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Analysis of Genomic and Proteomic Data Using Advanced Literature 

iWlining 

Yanbui Hu, Usa M. Hines, Haifeiig Weng» Dongnsd Zuo» Miguel Rivera, 
Andrea Richardson, and Jodiua LaBaer* 

Institute ofProteomlcs, Harvard Medical SdwoHBCMP. 240 Longmmod Aven^s, Boston. Massadiusetts Q2US 

Racolrod Mardi 19, 200S 

High-throughput technologies* such as proteomic screening and DNA mlcro*arrays. produce vast 
amounts of data requiring comprehensive analytical methods to decipher the biologically relevant 
results. One approach would be to manually search the biomedical literature: however, tJtis would be 
an arduous task. We developed an automated literature-mining tool, termed MedGene, which 
comprehensively sumnuu^izes and estimates the relative strengths of. all human gene-disease 
relationships In Medline* Using MedGene. we analyzed a novel micro^rray expression dataset 
comparing breast cancer and normal breast tissue In the context of existing knowledge. We found no 
correlation between the strength of the lltaature association and the magnitude of the difference in 
expression level when considering changes as high as Mold; however, a significant correlation was 
observed (r = 0.41: p « 0.05) among genes showing an expression difference of 10-fold or more. 
Intwestingly. this only held true for estrogen receptor (ER) positive tumor$, not ER negative. MedGene 
id^tified a set of relatively understudied, yet highly expressed genes in ER negative tumors wortiiy of 
further examination. 

Keywonis: Wolnformailcs • micro-array • text mining • gane-dlsease association • breast cancer 



fntroducttoD 

At Its current pace» the accumulation of biomedical Dteratuie 
outpaces the ability of most researchers and clinicians to stay 
abreast of their own Immediate fields, let alone cover a broader 
range of topics. For example, to follow a single disease, e.g., 
breast cancer, a researcher wouU have had to scan 130 different 
Journals and read 27 papers per day in I999.> This problem Is 
accentuated with hlgh-throughput technologies such as ONA 
micro-arrays and proteomlcs, which require the analysis of 
large datasets Inyohring thousands of genes, many of which are 
unfamiliar to a particular researcher. In any mlcroarray experi- 
ment, thousands of genes may demonstrate statistically slg- 
nifteant expre^lon changes, but only a fraction of these may 
be relevant to die study. The ability to Interpret these datasets 
would be enhanced If tiiey could be compared to a compre- 
hensive summary of what Is known about all genes. Thus, tiiere 
is a need to summarize existing knowledge In a format that 
allows tor the rapid analysis of associations between genes and 
diseases or otiier speclftc biological concepts. 

One solutton to this problem Is Co compile suiictured d^tal 
resources, such as the Breast Cancer Gene Database* and the 
Tumor Gene Database.' However, as these resources are hand- 
curated. the labor-lntensh^ review process becomes a rate- 
limiting step In die growth of the database As a result, these 

• To wh om ojiiBHxiiMlBncftihwddbc addwssed; JabaaqiwaLhavawiedu. 
iaiQei4»QMQ227CCC:S2&00 O 2001 Ameilcan ChMidcal Sode^ 



databases have a limited scale and the genes are not selected 
in a systematic foshloa 

An alto^nattve approach Is automated text mlnlr^ a method 
wtdch Involves automated Informatton extraction by searching 
documents for text strings and analyzing tiielr frequency and 
context This approach has been used successfully In several 
instances for biological applications: In most cases. It has been 
applied to extract Information about the rdationshlps or 
Interactions tiiat proteins or genes have with one another. In 
the Uterature or by functional annotation.'^' Thus fer, few 
publication have applied text-mining to examine Che i^bal 
relationships between genes and diseases. Perez-Iratxeta et al. 
automatically examined tiie CO (Gene Ontology) annotation 
of genes and their predicted chromosomal locations In order 
to Identify genes linked to Inherited disorders.* 

To obtain a more global understanding of disease devebp- 
ment. It would be valuable to incorporate Information regardlr^ 
all possible gene-dlsease relationships, Inchiding biochemical, 
physiological, pharmacological, epldemlotoglcal, as well as 
genetic. This Infohnation would enable comprehensive com- 
parisons between large experimental datasets and existing 
knowledge in the literature. This would accomplish two thln^ 
First, It would serve to validate experiments by demonsu-atlng 
diat known responses occur as predicted. Secorui, It would 
rapidly highlight which genes are corroborated by Uie literature 
and which genes are novel In a given context We have utilized 
a computational approach to literature mining to produce a 

JeunnlirfPMeoinaRe8e»Ghil»3lZ<0^4^^ 4» 
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comprehensive set of gene-disease rebtlonshlpSi In addition, 
we have developed a novel approach to assess the streniglh of 
each association based on the frequent of dtaUon and cor 
cluUoa We applied this tool to help Interpret the data from a 
large micro-array gene expression experiment comparing 
normal and cancerous breast tissue. 

Methods 

MedCene Database. MedGene Is a relatlonaidatabase. stor> 
Ing disease and gene Information from NCBI» text mining re- 
sults, statistical score$» and hypca-Dnks to the primary lit- 
erature. MedGene has a web-based user Interbce for users to 
queiy die database (httpc//hlp5eq.med.hafvard.edu/MedGene/). 

Text Mining Algoriduns. MeSH flies were downloaded from 
the MeSH web site at NLM (Nation Libraiy of Medldne) (http:// 
www.nlm.nih.gov/mesh/meshhome.htmD and human disease 
categories were selected LocusLinic flies were downloaded from 
the LocusLlnk web site at NCBl (Http://www.ncblnlh.gcv/ 
LocusLlnk/). OiHclal/preferred gene symbol. ofBclal/preferred 
gene name, and gene alternative symbols and names, all 
. relevant annotations and URLs for each LocusUnic record, were 
collected. Gene search terms were used for literature searching 
and Included all qualified gene names; gene symbols, and gene 
fomily terms. Primary gene keys, predominantly qualified gene 
faml^ totns and gene official/preferred symbol^ were used 
.to Index Medline records. If the ofQclal/prefened gene symbols 
did not meet this standards to be an Index, then quaHOed gene 
ofBdal/preferred names were used. A local copy of Medline' 
records (up to July. 2002} was pre-selected. 
' A JAVA module examined the MeSH terms and then indexed 
each Medline record with the appropriate disease terms. A 
separate JAVA module was used to examine the titles and 
al^trects for gene search terms and then to Index the gene- 
related Medline records with the relevant primary gene key (s). 

Statlsdcal Methods. For ev^ gene and disease pair, we 
counted records that were Indexed for both gene and disease 
(double posltWe hits), for disease only (disease single hits), for 
gene on^ (gene single hits), and for neither gene nor disease 
(double native h!^ to generate a 2 x 2 contingency table. 
On the basis of the contingent table-frameworfc, we applied 
different statistical methods to estimate the strength of gene* 
disease relationships and evaluated the results. These methods 
included chi-square analysis. Fisher's exact probabilities, rela- 
tive risk of gene, and relaUve risk of disease** (http:// 
hlpseq.med.haivard.edu/MedGene/). In additloa we computed 
the 'product of frequency*, which Is the product of the 
proportion of disease/gene double hits to disease single hits 
and the proportton of disease/gene double hits to gene single 
hits. To obtain a normal distribution, we transformed all the 
statistical scores using the natural togarithm. We selected the 
log of the product of frequency (LPF) to validate MedGene and 
to use for the analysis with the micro-array data. Spearman 
rank-correlation coefDclents were used to assess the linear 
relationship between LPF and mlcro-array fold change In 
expression level. 

Global Analysis. Diseases with at least 50 related genes were 
seleaed for diisterlng analysis, and the LPF scores wei;e 
normalized with total score for each disease. Hierarchical 
clustertng was done with the "Cluster' software and the 
clustering result was visualized usir^ TreeViewer** (http:// 
rana.lbl.gDv/EisenSoftware. htm). 
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Breast Tissue Micro-Arrays. Eighty-nine breast cancer 
samples (79% ER*posltlve) and 7 normal breast tissue samples 
were selected from the Harvard Breast SPORE frozen dssue 
repository and were representative of the spectrum of hlsto* 
logical types, grades, and hormone receptor Immuno^pheno- 
types of breast cancer. Blotlnylated cRNA* generated tiom the 
total RNA extraaed from the bulk tumor, was hybridized to 
Af^metrbt U95A oUgo-micleottde micro-arrays. These micro- 
arrays consist of 12 4(H) probes, which rejnesent approiimately 
8000 genes. Raw expression values wee obtained using GENE- 
CHIP software from A^rmetrlx. and then further analyzed using 
the DNA-ChIp An^ilyzer (dChip) custom software. 

Results 

Automated Indexing of Medline Records by IHsease and 
Gene. To study the gene-disease associations In the literature, 
we first compiled complete Usts for human diseases and human 
genes. To Index aU Medline records that were relevant to 
human diseases, the Medical Subject Heading (MeStQ Index 
of Medline records was utilized. MeSH Is a controlled medical 
vocabulary from the National LllH-afy of Medldne and consists 
of a set of terms or subject headings that are arranged in both 
an alphabetic and an hierarchical structure. Medline records 
are reviewed manually and MeSH terms are added to each with 
software assistance.*" Twenty-three human disease categoy 
headings along with all of their child terms (see the Suj^iting 
Information, Supplemental Table 1. or visit httpc/Zhlpseq. 
med.harvard.edu/MedCene/publlcatlon/sjrable LhtrnQ were 
selected from the WOlZ MeSH Index creating a list of 4033 
human diseases. 

No index comparable to the MeSH index exists for genes, 
and thus, it was necessaiy to apply a string search algorithm 
for gene names or ^mbols found In Medline text A complete 
list of genes» gene names, gene ^bols» and frequently used 
^nonyms were collected from the LocusLlnk database at 
NCBI,"-^' which contains 53 259 Independent records keyed 
tyy an ofDcial gene symbol or name Qvme 18^. 2002). For the 
purposes of this stuci^, no distinction was made between genes 
and their gene products. Authors often use the same name for 
both» differentiating the two only by theuseof italics^ If at all. 
For the intended use of this study, this lack of distinction Is 
unlBcely to have a Isrge effect and may In fact be benefidaL 

Initial attempts to search the literature using these lists 
revealed several sources of false positives and folse negatives 
(Table !).- False positives fximarlly arose when die searched 
term had other meanings, whereas false negatives arose from 
syntax discrepancies necessitating the devetopment of filters 
to reduce these enois. The syntax issues were readily handled 
by including alternate ^tax forms In the seardi terms. The 
foise positive cases, caused by duplicatNe and unrelated 
mearUngs for the terms, were more difficult to manage. Where 
possible, case sensitive string mapping reduced inappropriate 
citations. In many cases, however, this was not sufficient and 
the terms had to be eliminated entirely, thereby reducing the 
false positive rate but unavoMably under-represendng some 
genes. 

For the purposes of data tracking, a primary gene k^ was 
seleaed to represeiu all synoriyms that correspond to each 
gene. Medline records were indexed with a primary gene ke^ 
when ariy synonym for that key was found in the title or 
abstract Case-tnsensltlve string mapping was used for all 
searches except as noted above. No additional we^ht was 



Tabto 1. SystamsUe Sources oT False PoslUves and Felsa Negatives In Unflltered Data* 
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source of exfor 



g»ie symbol/name 
Is not unique 



gene symbol Is 

unrelated abbreviation 
gene symbol/name 

has language meaning 
nonstandard syntax 
unofficial gene name/symbol 
nonspecUled gene name 



iialse positive MAihtayeSin 

associated gtycoprotaln • 
MtG-fnallgnanty-assoclated 
protein 

false positive P^-pallld homdogue (mouse)» 

paOldln (also abbrev. for Peiu^ylvanla) 

fabe positive IKI5-Wlskott«*Aklrlch Syndrome 
(also the word *was*) 

false negative BAG-I Instead of BAG! 

false negative Instead of 

falsenegatlve estrogen receptor Instead of 
Estra^ reo^tor I 



eliminate this term 

ellmlnate this tenii 

case>sensltlve string search 

add dash term 

add all gene nicknames 

add family stem term*. 



* In preliminary stuAes^ MedUne WW searched for eo-oeouireiM 
were amenabto to global fiiien. Bach cnor source Is cetegortadt^ the cype cf em (Use posittvas ere suggested relationships ttiat am not leal and 

fehenegsthasaiBrMindationshlpathatBroundtiwyesente^ Note that tnsoreacases^tha Biter sohiflon ttsctflrtroducci 

cvrar. In geiHerai cnor rates landmised eensltMiy. even at lha opense of spcdfldty if needed 



added for multiple occurrences of a term or the cx>>occurrence 
of multiple synonyms for the same gene key. 

Medline records were searched with aU quail Ded gene 
. Identifiers, such as the official/preferred gene symbol the 
official/preferred gene name, all gene nicknames and all syntax 
variants. In situations where there are several members of a 
gene family or splice variants, some authors prefer to use a 
shortened gene family name. eg., estrogen receptor Instead of 
estrogen receptor 1 (ESRIi, creating a source of blse n^thres. 
For this reason, gene femlly stem terms were create4 for all 
genes that have an alpha or numerical suBU .(eg.,/L2ft4, TGI^» 
^SRL etc.) an^ then used to search the literature. The^mlly 
stent terms were handled separately from the spedOc gene 

^ names so that It would be dear when linkages were made to 
the gene femlly versus a spedflc member In that family. 
To Improve performance and accuracy, some pre-selection 

' was applied to the records that were scanned. First review 
articles were eliminated to avdd redundant treatment of 
citations. Second, xion-Engllsh Journals were removed because 
the natural language Alters were only relevant to English 
publications. Finally, Journals unlikely to contain prlmaiy data 
atKmt gene-disease relationships were also removed (e.g., InL 
/ Health Educ. Bedside Nurse, and / Health Econ). Togetho** 
these filters reduced the 1 2 198 221 Medline publications Ouly 
200?) by 37%. . 

Ranking the Relative Strengths of Gene-Disease Associa- 
tions. In total, there were 618 708 gene-disease co-dtatlons. 
In which 16% ^297) of all studied genes had been assodated 
to a disease and 96% (387^ of all diseases had been assodated 
to at least one gene. To rank the relative strengths of gene 
disease relationships, we tested several different statistical 
methods and examined the results. With the exception of the 
relative risk estimates, the methods provided simitar results 
with respect to the rank order of the gene-disease association 
strengths. However, after comparing the results to other 
databases and after consultlr^ disease experts, the log of the 
product of frequency (LPF) was selected for tother analysis 
because It gave the best results overall. 

Validation of MedGene. In devdopbig this tool. It was 
Important to minimize the number of missed genes (false 
negatives) and miscalled genes (false positives). However, in 

' situations when these goals were In conOlct, Induslveness was 
prioritized. To determine the false negatWe rate In MedGene, 
breast cancer was used as a test case because It was assodated 
with more genes than any o(her human disease and because 




Figure 1. Estimation of the false negative rata ls comparison 
with hand-curated databases. The breast cancer-related genes 
identified t>y MedGene were compared with those listed in 
several other databases Including the Tumor Gene Oatatiase 
(TGD).' the Breast Cencer Gene Database(BCG)/ GeneCards 
(60)^' end Swlssprot^^ Genes were considered false negatives 
if they were represented In at least one of these other databases 
and not In MedGerie and their link to breast cancer vras sup- 
ported by at least one literature relierence. Ait literature references 
were verified by nrmnual review to confirm their validity. The 
number of genes in each database or shared by more than one 
datat>ase is Indicated. The false negative rate was calculated by 
genes missed at MedGene (26)/total number of nonovertapplng 
genes In other databases (285). 



there were several public databases that link genes to breast 
cancer. We compared the list of breast cancer*rebted genes 
from MedGene to these databases. Illustrated In Figure 1. 
Among the 285 dlstlna breast cancer*related genes that were 
supported by at least one literature citation In these hand- 
curated databases, 28 were absent from MedGene. suggesting 
a false negatWe rate of approximately 9%. To determine why 
these were missed, all literature references for these genes ffO 
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papers) %vere reviewed manuaUy (see the Supporting Informa- 
tion. Supplemental Table 2, or visit ltttp'7/hlpseq.med 
harvardedu/MedCene^pubilcatlon/s.Table 2.htmD. kmong 
these papers, most false natives were caused by nonstandard 
gene terms or gene terms eliminated by our spedfid^ filters. 
Few genes were missed because th^ were only mentioned In 
review papers {0A%) or they appeared only In the body of the 
-^mamiscrlpt but not the abstract or title (1.1%). Of note, 
MedGene Idehtlfled approximately 2000 additional breast 
cancer-ielated genes not listed In any other database. 

To assess the false positive error rate* two complementary 
approaches were used:,, a detailed analysis of one disease and 
a ^obal examination of 1000 diseases. The dettlled approach 
examined the false positive error rate and Its sources, whereas 
the global approach tested wh^er the overall results made 
biomedical sense. 

Using the LPF, 1467 genes related to prostate cancer were 
assembled Jri rank order. We then retrieved approximately 300 
Medline records each for the highest ranked 100 and the lowest 
ranked 200 genes and manually reviewed the dtles and 
abstracts to determine the verity of the association. Nearly 80% 
• of the highest ranked 100 genes fell Into one of the five 
categories that reflect meaningful gene-disease relationships 
^ee the Supportirtg Information, Supplemental Table 3^ or visit 
http://hlpseq.med:harvard.edu/MedGene/publlcatlon/ 
sJTable B-htrnQ. Among the lowest ranked 200 genes, ap- 
proximately 70% reflected true relationships. Ofthe 600 records 
reviewed, there were only two In whk:h the association between 
the gene and tiie'dlsease was described as negative. Botii were 
genes with vecy low scores. In both cases, the authois did not 
argue the absence of any relationship, but rather that a 
particular feature of the gene or protein was not shown to be 
related to human prostate cancer.*^^* 

The coincidence of some gene ^bob with medical ab- 
breviations, chemical abbreviations and biological abbrevia- 
tions resulted In most ofthe false positives (see the Supporting 
Information, Supplemental Table 4, or visit http*y/hipse- 
- q.medhaivard.edu/MedCene/pubUcation/sjrable 4. tonQ. em- 
phasizing the importance of the Alters that were added in the 
search algc^tivn (Table I). Without the Alters, the false positive 
rate more than doubled, and the false negative rate rose 
dramatically (data not shown). For example, among the papers 
about breast cancer, tiiere were only 12 Medline leconb that 
refernd to ESRI and 10 to ESIS, whereas almost 2000 papers 
moitioned estrogen receptor without sped^ng EStl or ESRZ^ 
this latter group wa^ detected by the faml^r stem term Alter. 

To fiirther validate these results, a global analysis of the gene* 
disease relationships described by MedGene was performed. 
For this experiment, it was reasoned that the more ckssely 
related the diseases are to one another, the more they will be 
related to thesame gene sets. Thus, If the relationships deflned 
by MedGene accurately reflected die literature, tiien an unsu- 
pervised hierarchical clustering ofthe gene data should group 
diseases In a manner consistent with common medical think- 
ing. Conversely, if the clustered diseases do not make sense 
biologically or medically. It may reflect excessive felse positives, 
false negatives; or Inappropriate scoring of the data. 

To execute this experiment, the gene sets and the conrc- 
spondlr^g LPF values for 1000 randomly selected diseases (each 
with at least 50 gene relationships) were used as a dataset for 
chisterlng the diseases. A review ofthe results showed that the 
resulting disease dusters were Indeed logical based upon 
common medteal knowledge {see tite Supporting Information, 
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Supplemental Figure 1 , or visit http://hlpseq.med.harvardedu/ 
MedGene/publlcation/«.Ftgure LhtmD- For example, in one 
such duster shown In Figure 2, diabetes and lb complications 
grouped together and were also closely Ihiked to diseases 
assodated with starvation states. 

The number of genes assodated with a given disease can 
be estimated by adjusting the MedGene number up by the false 
negative rate (^^) and down by the Esise podtlve rate (^26% 
on average). Using this, the average disease has 103.7 ± 45.3 
(mean ± s.d) genes associated with it, although the range is 
quite broad with 2359 genes rdated to breast cancer, 2122 
genes related to hing cancer and no genes related to a number 
'of diseases. 

Applying MedGene to the Analysis of Large Datas^ Access 
to a comprehensive sui^mary of the genes linked to humaa 
diseases provided an opportunity to analyze data obtained from 
a high-throughput experiment. We compared the MedGene 
breast cancer gene list to a gene expression data set generated 
from a micro-array arudysis comparlr^ breast cancer and 
normal breast tissue samples. Micro-array analysis Identified 
2286 genes that had greater than a I -fold difference In mean 
expression level between breast cancer samples and normal 
breast sariiples. Using MedGene, we sorted the 2286 genes Irtto 
four classes: 555 genes directly linked to breast cancer In the 
literature by gene term search (Arst-degree association by gene 
name); 328 genes directly linked by hmify term search (Arst- 
degree association by family tern^: 1021 genes linked to breast 
cancer only through other breast cancer genes (second-degree 
assodation); and 505 genes not previously associated with 
breast cancer. (See the Supporting Information, Supplemental 
Figure 2, «r visit http://hlpseq.med.'harvard.edu/MedGene/ 
publication/s_Figure 2.htmL) Among the 505 previously un- 
related genes, 467 were eltiier newly Identifled geiies or genes 
that had not previously been assodated with aiiy disease. 
Amoi^ the remaining 38 genes, 9 had been related to other 
cancers, spedflcally esophageal cok>n, uterine, skin, and cervix. 

To determine whetho' the genes highlighted by the micro- 
array analysis were more likely to have been previously linked 
to breast cancer In the literature, we created a two-dimensional 
plot of the fold charge of expression level between breast 
cancer and normal tissue versus the literature score Q£F) 
. CFtgure 3A). There was a broad spread of expression changes 
among the genes directly linked to brea^ cancer rangli^ Srom 
less than 1-fokJ change (68%) to over 40-fold (0.3%): Notably, 
the majorlQf of genes witii greater titan tO-foM agression 
changes were linked to breast cancer by Arst-de^ee assoda- 
tion. • 

Among all 754 genes directly linked to breast cancer In the 
literature, there was no correlation between LPF and micro- 
array fold change (r= 0.018, p-value = 0.62). However, when 
we stratiAed the analysis based on the magnitude of the fr)ki 
change, we obsenred an increasing trend In correlation (Figure 
33) suggesting that genes witii a more substantial change In 
expression level were more likely to have a stronger assodation 
In the literature. For genes that had 10-fold change or more In 
expression level the correlation Indreased to 0.41 (p-value « 
0.05). 

When we evaluated the micro-array data separately for ER 
positive and ER negative tumors, die trend In corrdatlon 
between fold change and literature score was highly dependent 
on estrpgen receptor status. Interestingly, there was a similar 
trend In correhition for £R poslthre njmors. but no trend In 
correlation for ER negative tumor^ 
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Figure 2. Glotal valldatiDn by clustertng analysis. 2CA). The gena sets and the corresponcDng LPF values for 1000 diseases^ each with 
at least $0 gene relattonshlpsr were used In an unsMpervised clustering of the diseases based on the gene patterns associated with 
them. A sample oT the data Is shown here. 2(B). One of the resulting clusters Is shown that corresponds to blood sugar states. Diabetes - 
terms (above the line) end starvation slates temns (under the line) clustered together. Within these groups, there Is also clustering of 
diabetic small vessel con^llcetlons, eltered serum chemistries^ nutritional disorders, etc(Supplemantal Figure 1: http-^/hlpseq.med. 
Itarvard.edu/MadGenefpubllcationfs^lgiire Lhtml). 

Finally, to validate our findings, we computed similar cor- disease unrelated to breast cancer. As expected, we did not 
reladons between the breast cancer expression data and observe an Increasing trend In correlation for hyperten- 
LPF scores generated by MedCene for hypertension, a aloa 
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FIfluro 1 Relationship between literabjre scora and functional data for bfBast cancer. 3A. The data from an expression anatysls of 
samples for breast tumors and normal breast tissue were analyied to IndlcaiB the fold difference of expression level between breast 
ttjmor and normal sample (cutoff i 3-fold change). The fold changes were plotted against the literature score for tiie same gene set 
Green dots represent first-degree association by gene search, blue dots represent flrst^tegree association by family search and r«d 
dots represent no-assoclation. Some well-studled genes, such as BRCA2 (pink circle), are not reflected by a substantial dlffeime In 
expression level. Furthermore, the m^orl^ of genes that have no association wltii breast cancer In the llteraiurB had less than 10-fold 
expression changes (shaded area). 3B. The Spearman rank-correlation coeffldems between literature score frPF) and the fold charm 
of expression level between tumbr and normal breast samples jyaxts) In relation to the amount of fold change of expression level 
{»-axl5). Gene rank lists were generated for breast cancer (blue) and liyperttt«lon (pink). Correlations were also corr^Hited between 
tiw breast cancer gene LPF scores and fold change expression data among estrogen receptor positive tumors only (light blue) and 
estrogen receptor negative tumors only (purple). 
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Discussion 

: The Human Genome Piroject heralded a new era bi biological 
research where the emphasis on understandbig specific path- 
> ways has expanded to global studies of genomic oiganizatlon 
and blolpglcal q^stems. Hlgh throughput technologies can 
provide novel insight Into comprehenshre biological function 
but also Introduces new challenges. The utility of these 
technologies Is limited to the abUlty to generate, analyze, and 
Interpret large gene Dsts. MedGene. a relational database 
derived by mining the Infimnatlon In Medline, was created to 
address this need. MedGene usees can query for a rank-ortlered 
list of human gene-disease relationships (Table 9 for one or 
more diseases. Each entry is hy perllnked to the original papm 
supporting each association and to other relevant databases. 

MedCene Is an Innovative extension of previous text minti^ 
approaches. Perez-Iratxeta et^l used the GO annotation and 
theb- chromosomal locations to predict genes that may con- 
tribute to inherited disorders.* MedGene takes a broader view 
and Includes all dtseases and all possible gene-disease relaUon- 
shlps. Furthermore, MedGene utilizes co-citotlon to indicate a 
relationship rather than GO annotation, which Is limited to the 
subset of genes that have GO annotation. Our approach Is 
complementary to that taken by Chaussabel and Sher, who 
used the frequenqr of co-cited terms to cluster genes Into a 
hierarchy of gen'e*gene relationships.^ 

A unique aspect of this tool Is the ability to assess the r^iatWe 
strengths of gene-disease relationships based on the frequency 
of both co>cUatlon and sli^e citation. Thb presupposes that 
most oo-cltatlons describe a poslttve association, often referred 
to as publication blas^^ and Is supported by our observations 



that negative associations are rare Supplemental Table 3: 
http://hlpseq.med.harvard.edu/MedCene/publicatlon/sjra- 
ble 3iitmQ. Of course, relationships established by frequency 
of CD-dtadon do not necessarily represent a true biological link; 
howevCT. It Is strong evidence to support a true relationship. 

Another Important feature of MedGene Is the Implemenla- 
don of sofhvare filters that substandally reduced the eim rate.. 
We estimate that less t han 10% of all associations were missed 
and at least 70% of even the weakest assocladons were real. 
For this study, all of the filters that we applied were genera] 
ones. e.g., expanding die list of all gene names to address the 
different syntax forms used by different Journals, eliminating 
gene names that correspond to common Erigllsh words. et& 
The fhajorlly of the remaining search term ambiguities were 
idlosqmcradc and difficult to IdenUfy systematically without 
causing a significant rise In bise natives. Alternative ap- 
proaches, such as the examination of the nearest neighb^ 
terms, need to be considered to fiirdier reduce the false posldve 
rate. 

It b not uncommon to see expression changes In mlao- 
array experiments as small as ^foId reported in the literature. 
Even whoi these expression changes are.statlsdcal)y significant, 
it Is not always clear If they are biologically meaningful When 
comparing expression levels of disease to normal Ussue, one 
expects an enrichment of known disease-related genes to 
appear in the altered expression group. MedGene provided a 
unique opportunl^ to test this notion In the context of existing 
knowledge on a novel breast cancer mlcro-airay dataset For 
genes dlsptayli^ a 5-fdd change or less In tumors compared 
to normal there was no evidence of a correlation between 
altered gene expression and a known role bi the disease. This 
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these genes have either newer txen oo-ctted wftfa breast cancer or have a 
weak association except those mariied with an *. 

reflects the mariy genes whose role in breast cancer may not 
invohre large changes In expression In sporadic tumors (eg^ 
BRCAl and BRCA2i and genes whose modest changes In 
expression may be unrelated to the disease. Strikingly* among 
genes with a 10-fold change or more In expression level* there 
. was a strong and significant correlation between expression 
level and a published role In the disease* providing the first 
global validation of the micro-array approach to Identl^big 
disease-specific genes. 

' The results derived from MedGene have two Implications. 
First* a careful hunt for corroborating evidence of a role in 
breast cancer should precede' any further study of genes with 
less than 5-foId expression level changes. Second, any genes 
with lO-fold changes' or more are likely to be related to breast 
cancier and warrant anentlon. It is Uke^ that this threshold will 
change depending on the disease as weU as the expolment. 

Interestingly.- the observed correlation was only found among 
ER-posltlve tumors* not ER*negatlve. This may reflect a bias 
In the literature to study the more prevalent type of tumor In 
the population. Furthermore, this emphasizes that cautton 
must be taken when interpreting experiments that may contain 
subpopulations that behave very dlRerently. The MedGene 
approach IdentiDed a set of relatively understudied, yet highfy 
expressed genes In ER-negative tumors that are worthy of 
fbrther examination (Table 
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In conchislon. we have developed an automated method of 
summarizing and oiganlzlng the vast biomedical literature. To 
our knowledge* the resulting database is the most oomprehen* 
sive and accurate of Us kind. By generating a score that reflects 
the strer\gth of the association. It provides an Important tool 
for the rapid and flexible analysis of large datasm Grom various 
high-throughput screening experiments. Furthermore, it can 
be used for selecting subsets of genes for functional studies, 
for building disease-specific arrays, for looking at genes com- 
mon to multiple diseases and various other high-throughput 
appllcattons. In the future. It will be possible to enhance the 
utlll^ of the MedGene database by bulkllng links between 
genes and other MeSH terms as well as other biological 
processes and concepts, such as cell division and responses to 
small molecules. 
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BNF-1, a novel gene encoding a putative extracellular matrix protein, 
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Abstract 

In an effort to identic novel genes relevant to tumor angiogenesis, we compared the genes expressed in a matched pah" composed of 
vascularized breast tumor and its adjacent normal tissue obtained &om the same cancer patient. Using differential display, we identified a 
cDNA fragment that was reproducibly upregulatedin vascularized breast tumor. Up-regulation of this gene fragment in vascularized breast 
tumor was further verified by semi-quantitative PGR on the same RNA pair using gene-specific primers. The cDNA encoding the full-length 
ORF of that gene was then cloned by both 3' and 5' RACB. Sequence analysis showed that this gene encodes an ORF of 1353 bp having a 
hydrophobic N-terminal signal sequence and a cleavage site. We named this novel gene BNF-1 (breast tumor novel factor 1). The mature 
protein of this gene contains cysteine-rich repeats that are a specific feature of several extracellular matrix proteins including 
thrombospondin-l» thrombospondin-2, pro-collagen type 1» and von Willebrand Factor 1. PGR analysis of BNF-1 expression in a variety of 
human adult normal tissues revealed that BNF-1 is expressed predominantly in liver, heait« prostate, testis, and ovary. To fuither study the 
expression pattern of this novel gene in tumor dssues, we extended our analysis to additional matched pain of tumor tissues obtained from 
breast, lung, and colon cancer patients. We show here that BNF-l is over-expressed not only in breast tumors but also in lung and colon 
tumors. 

© 2003 Elsevier Science B.V. All rights reserved. 

Keywords: Breast cancer, Lung cancer; Colon cancer; Angiogenesis; Cy.steine-rich repeats 



1. Introducdon 

The most frequent cause of death in cancer patients 
results from the metastasis of tumor cells. Many studies 
have demonstrated that the progression of a tumor and its 
ability to raietastasize are closely associated with the process 
of tumor angiogenesis (Folkman, 1995). The process of 
tumor angiogenesis consists of several sequential and 
interdependent steps that include the degradation of 
suiTOimding basement membrane as well as endothelial 
cell proliferation and migration. Although much has been 
learned about tumor angiogenesis in the past several years. 



Abbreviations: aa, amino acid(s); bp, base pair(s); cDNA, 
complementary DNA; kb, kilobase(s) or 1000 bp; ni, nucleoiide(s); 
mRNA, messenger RNA; MW, molecular weight; NCI, National Cancer 
fiisiinite (USA); ORF, open reading frame; PCR, polymerase chain 
reaction; RACB, rapid amplification of cDNA end((t). 
* Corresponding author. 

E-mail address: marsha.moses®ich.harvard,edu (M.A, Moses). 



the molecular events or cascades underlying tumor 
angiogenesis still remain unclear (Klagsburn and Moses, 
1999). 

Several studies have suggested that tumor angiogenesis, 
similar to tumor progression, generally involves altered 
gene expression in tumor tissiies (Black et aL, 2001; 
Benezra, 2001). To elucidate the molecular mechanisms 
underlying tumor angiogenesis, it is crucial to identify the 
molecules involved in die angiogenic process and to 
examine the relationships between them. 

A pair of matched vascularized breast tumor and its 
adjacent normal tissue was obtained from Cooperative 
Cancer Tissue Registry (National Cancer Institute; 
Washington DC, USA). mRNAs purified from these ttunors 
were used to construct 1st strand cDNA. Differential 
displays were then used to identify genes differentially 
expressed in vascularized breast tumor. 

In this study, we report the identification and cDNA 
cloning of a novel gene, termed BNF-1, that encodes a 
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putative extracellular matrix protein. Sequence analysis 
revealed that BNF-1 contains a repeated cysteine-rich motif » 
a special feature of several extracellular matrix proteins, 
such as thrombospondin-1 (Amagasaki et ah, 2001), 
thrombospondin-2 (Laherty et al., 1992). pro-collagen 
type 1 (Myers et al.» 1981), and Von Willebrand Factor- 1 
(Sadler et al., 1985). Using semi-quantitative PCR, we 
showed that BNF-1 is expressed predominantly in adult 
normal tissues of heart, liver, prostate, testis, and ovary. In 
addition, the up-regulation of BNF-1 was detected not only 
in breast tumor tissues, but also in lung and colon tumor 
tissues. 



2. Materials and method 

A matched pair of breast tumor and its adjacent normal 
tissue was obtained from Cooperative Cancer Tissue 
Registry. RNA purification was conducted following 
standard protocols (Sarabrook et al., 1989). In addition, 
several pairs of RNAs or cDNA obtained from matched 
breast, lung, and colon tumor/normal tissues were purchased 
from both Ambion Inc. (Austin* TX, USA), and Gontech 
(Palo Alto. CA. USA). 

2.2. Differential display 

In this study, differential display was performed as 
previously described (Wu and Moses, 2001). Briefly, 
mRNA was purified from both breast tumor and its adjacent 
normal tissue which were obtained from Cooperative 
Cancer Tissue Registry. The 1st strand cDNA was 
constructed using oligonucleotides 15 mers, 
TTTTTTTTTTTTTTT. PCR amplifications were then 
carried out by using arbitrary oligonucleotides 10 mers. 
The PCR band that was detennmed to be amplified from 
differentially expressed cDNA was excised from the geL 
cDNA was then extracted from the excised piece of gel and 
used as template for PCR using the same arbitrary primer. 
The reamplified DNA was subcloned into pCR 11 (Invitro^ 
gen, Carlsbad, CA, USA) and sequenced using an UBI 373 
sequencer (Applied Biosystem, San Jose, CA, USA). 

2.3. Molecular cloning of a cDNA encoding the full-length 
ORF ofBNF'l 

The BNF-1 cDNA fragment obtained from differential 
display was subcloned into the pCRII vector using the TA 
cloning system (Invitrogen). The differential expression was 
confirmed by semi-quantitative PCR according to the 
protocol described previously (Wu and Moses, 1998, 
2001) using a pair of gene specific primers (forward 5'- 
GTCCTGAAGGAGAAACATAAGAAAG.3' and back- 
ward 5'-CATCCTCACAGGTGCATAGGATGCAG-3') 



from the same RNA sample used for differential display. 

The full-length cDNA of BNF-1 was cloned by both 3' and 
5' RACE as reported earlier (Wu and Moses, 1996, 1998). 3' 
RACE reactions were made with sense primers 5'- 
GAGAAACATAAGAAAGCCTGTGTGCATG-3' and 
nested sense primers 5'-CACAGTGAGATCAGTTCTAC* 
CAGGTGTC-3'. 5' RACE reactions were made with 
antisense primer 5^-CTTGGGACACCTGGTAGAACT- 
GATCAC-3' and nested antisense primer 5'- 
CAAATCTTGCAGCACTTCCCAGCCAG-3'. pCR II 
(Invitrogen) was used for cloning and sequencing reactions. 
Both the forward and the reverse strands of the cDNA were 
sequenced to determine the complete cDNA sequence. 

2.4. DNA sequencing and analysis 

DNA sequencing was conducted using a fluorescence- 
labeled automatic sequencing apparatus, Model 373 DNA 
sequencer. Sequence analyses of the nucleotide and protein 
sequences were performed using the Wisconsin Genetic 
Control Group program package (Genetics Control Group, 
Madison, WI, USA). 

2.5. Expression ofBNF'l in human tissues 

Tissue-specific expression of BNF-1 was characterized 
by senu-quantitative PCR according to the protocol 
described previously (Wu and Moses. 1998, 2001). PCR 
amplification of first-strand cDNA was performed with 
gene-specific primers (forward 5'-CAGGATCCATGTTC- 
CAGTGATGCTG-3' and backward 5'-CTTCAGGAC- 
GATCTTGACAGTTOTG-3') on a normalized human 
Multiple Tissue cDNA panel (Clontech). 

2.6. Tumor tissue expression pattern of BNF-l 

cDNAs from several tumor tissues were constructed or 
obtained from Conunercial Companies (Ambion and 
Clontech). cDNAs were normalized to ribosome binding 
protein-9. Semi-quantitative PCR were conducted accord- 
ing to the protocol described previously (Wu and Moses, 
1998, 2001). The primer pair used was the forward 
primer 5'-CAGGATCCATGTTCCAGTGATGCTG-3' and 
the backward primer 5^-CTTCAGGACGATCTTGA- 
CAGTTGTG-3'. 



3. Results 

Saildeniificdtim^^^ 

As Oie first step in identifying novel genes whose 
expression might correlate with the development of tumor 
angiogenesis. we compared the repertoire of genes 
expressed by the vascularized breast tumor tissue and its 
adjacent normal tissue obtained from the same patient. Total 
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RNAs were purified from frozen tumor and normal tissues, 
which were treated with DNaSe I, followed by the 
construction of the 1st strand cDNA. Using differential 
display, we conducted hundreds of reactions using distinct 
primers against these two tissue types. Among these PGR 
amplifications, using an arbitrary primer DDCAl (5'- 
CATGTTCCA0-3')t we identified a cDNA fragment that 
appeared to be expressed only in vascularized tumor tissue 
as compared to its adjacent normal tissue (Fig* lA). The 
reaction showing a differentially expressed band was 
repeated twice to ensure reproducibility. This differential 
display 'band* was purified, reamplified, and cloned into 
pCR II vector, which was then sequenced. Sequencing 
analysis of the cDNA fragment revealed it to be 337-bp in 
length with no similarity to any of the sequences in the 
published nucleotide database. The specific expression 
pattern of the cDNA fragment was further confinned by 
semi-quantitative RT-PCR using gene-specific primers and 
the RNAs previously used for differential display (Fig, IB), 
To obtain a cDNA encoding the full-length ORF of BNF-1, 
both 5' and 3'-RACE were carried out following a protocol 
used previously (Wu and Moses, 1996, 1998). The longest 
cDNA fragment obtained by both 5' and 3'-RACE was then 
cloned and sequenced. 

i.2. Sequence analysis of BNF-1 

Sequence analysis of the longest cDNA fragment reveals 
diat it contains a single open reading frame of 1353 bp 
which encodes a polypeptide of 451 amino acid residues, 
with the first ATG lying in a favorable context for initiation 
of transcription and translation (AGGATO) (Fig. 2A). This 
novel gene is named BNF-1. Hydropathy analysis using 

N T 




PSORT II (Nakai and Kanehisa, 1992) and SignalP 
(Nealsen et al., 1999) showed a single hydrophobic 
segment, in the amino terminus, comprising the 25 amino 
acid residues, followed by a signal peptide cleavage site. 
The presence of a signal peptide and the lack of a possible 
transmembrane segment suggest that BNF-1 encodes a 
secreted protein. Mature BNF-1 has a predicted molecular 
weight of 49,600 Da (MW 49.6 K). 

Sequence homology searches of all available databases 
revealed no significant homology to known genes. How- 
ever, sequence analysis using Vector NTI Suite (Infomax, 
Bethesda, MD, USA) revealed that BNF-1 contains three 
cysteine^rich repeats (Fig. 2A). Each repeat contains nine 
cysteine residues at conserved positions. (Fig. 2B). 

When the cysteine-rich repeats were used to search the 
BLAST networic data base, it was found that the similar 
cysteine-rich repeats were present in several extracellular 
matrix proteins, including thrombospondin 1, thrombos- 
pondin 2, procollagen type 1 and von Willebrand factor 1 
(Fig. 2B). The conservation is restricted primarily to the 
spacing of c^teine-residues. 

33, BNF'l expression in normal adult tissues 

In order to determine the tissue expression pattern of 
BNF-1, we obtained a cDNA panel that contains normalized 
cDNA constructed from mRNA purified from 16 distinct 
human adult normal tissues. Semi-quantitative PCR ampli- 
fications were then conducted using a set of gene-specific 
primers and flie cDNA panel as template. The result has 
shown that BNF-1 has a very specific expression pattern 
(Fig. 3). It is moderately expressed in heart, liver, prostate, 
testis, and ovary. Low-levels expression was detected in 
skeletal muscle, kidney, spleen, small intestine, and colon. 
However, BNF*1 was not detected in brain, placenta, lung, 
pancreas, thymus, and peripheral blood leukocytes. This 
specific pattern of expression suggests that the function of 
BNF-1 in normal tissues might be tissue-type related. 

Expression pattern ofBNF-l in breast ^ coton, and lung 
tumor tissues 



Fig. 1. Identification of a differentially expres.«ied BNF-1 gene fragment in 
vascularized breast tumor tissue and adjacent normal tissue. (A) 
Differentia] display PCR using a random primer described in material and 
method. The airow indicates the BNF-1 gene fragment up-regulated in 
vascularized breast tumor tissue. (B) Confirmation of differential display- 
PCR by semi-quantitative PCR using the BNF-1 gene specific primer set 
The expression of ribosome protein S9 was analyzed as a normal control. 



We next examined whetlier BNF-1 was upregulated in 
other tumor tissues, in addition to the matched pair of breast 
tumor/normal tissue provided by NCL We obtained or 
constructed pairs of cDNA from closely matched breast, 
colon, and limg tumor/normal tissues, in which each pair of 
tissues was obtained firom the same patient. Semi-quasti- 
tative PCR ampliiications were then conducted as described 
earlier. Among the ten pairs of breast tumor/normal 
samples, BNF-1 was shown to be up regulated about 2- to 
3-fold in two tumor tissues as shown in Fig. 4A. Taken 
together, BNF-1 was detected to be up regulated in 
approximately 27% (3/1 1) of breast tumor tissues obtained 
by us, including the origmal sample. 

BNF-1 was also found to be over-expressed in lung 



108 



/. Wu, MA. Moses/Gene 311 (2003) 105-110 



(A); ':■:■[ agga tgg 1 1 c\cx:gagg t ga^ c t cc tec d t gc tg^ga cgcgc t gc tggt tt;: ■ " ; : : : ; : : : ; : ; : 6;0: 

:-:'::;-:::'cccGt;ggaiE:c'cGeacg 

;:::::::;:::ie,;dicte^^^^ 

::::::X:::cactp)icc^ 
•x::':':-:!?:-:-:P-i::-is^ 

v:-X'X L:-xcx-S'X-g 
:-x* Sx'.tgcceag'ca^^^ 
;x-xo: Cx:fe::A-:-^^ 
"x x : :g^c^caat;cgg^ 
X;X;X|E:;x;Qx;:^x':px^ 
x .ccatgtiticbagc 

xXvXgtc^apatcgt'Gpt^ 

■: x^'yx-iKiXXXiyixL x 

; X : t-e ec^c^cjgg a'gdi' t ^ t ggiiiacecggc 1 1 1 c:dg tg/ie 1 1 egg dc'cd ig'cc c t gcat ccia- xx v x '8:4:0 ■ 

:':-:-:':-:-$':-:-H:':-:<3:-:-^ 

: ;! : X : X ; t-gc.acpfcgt^gaigg^ 

':;:x:x- Ox-:t' -:'C:-:- ■e:-:-:d:-^g^ 

:X::;:::::t:gccgtcaccccgagaaagtg^ 

X:>'::::; g:':::Rx;ri-;-:-P:x;g 

;.■:;.:■•: gaccctgg^^^ 

:;:;:;:::;:;0o:|p:;;;:G:;:j;H|;vS|;^■E: 

■:":":":':":gtifi[cacaca^ 

':-\'-]^^^ 

:•:•:":•:•:• eaga^agg .i:g aagi lac.QU gg.Gcbaag gG.G.aba.c.agc.G.agaa: U'c- U il:c cac. I' Ig aci caga l : > x • x 

::::::::::::0;::::rtx:Oo':^^ 

x:::::":;:caiig«^aa:t^^ 

•x':-:-x9:-:":^-:':-^ 

X ;:;:;: x ccc^ cgaag^ 

i-^'^-^y-^^^^^^^^ 

:•:■:•:•:•:■ c agt <hcaga:caaagt.'ga;cc^ 1 1 gcag: ■:/::;:•:■;•:•:■:■::- x i:.V6' a: 

;:;:;x;xe:;:;:s;x;)Si|:;:;o:^ 



i(B)xXxBiVF-|Kx:x 

lyy-'-'y^y^ 

' \ yy^^^^^^^^ : :"; : :':X:' 

:;:-:-:;:X:::TiHruii)fc;ov^ 

: X : X V : X :ni ronibuj^pun?^^^ 
;:;:|X;XxW^t<)ljiijj)ea 

X x xX ;\;o,n;>vmcHra^^ nyy4»^^ :e^^i:\c\\\}^\\\c\^\T^^^^^ : : 

Fig. 2, (A) Complete protein coding sequence of human BNF-1. The N-ierminal hydrophobic leader sequence is italicized. The cysteine-rich repeats are 
underlined. OenBank accession number is AY163868. (B) Amino acid alignment of the cysteine-rich repeats of BNF-1 with those in human thiombospondin-1. 
thrombospDndin-2, pni-collagen type 1» and von WiUebrand Factor 1. 
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Fig. 3. Expression of BNF-1 mRNA in human normal tissues. Semi- 
quantitative PCR was performed on human multiple-tissue cDNA panels 
(Clontech) from the indicated adult tissues. The expression of ribosome 
protein S9 was analyzed as* a normal control using a commercial primer kit 
(Oontech). 

tumors vs. their adjacent normal tissues. These results have 
shown that approximately 2- to 3-fold up-regulation of 
BNF-1 e^ipression in about 30% (2/6) of limg tumor tissues 
obtained ^'ig' 4B). 

The levels of BNF-1 expression in RNAs isolated from 
six colon tumors and their matched normal tissues were also 
assessed by semi-quantitative PCR. The level of BNF-1 was 
up-regulated approximately 2- to 4-fold in about 16% (1/6) 
of the tumor tissues examined compared with noimal 
adjacent normal colon tissues (Fig. 4C). 

Interestingly, we observed the up-regulation of BNF-1 
not only in breast cancer patients, but also in lung and colon 
cancer patients, which suggests that the over-expression of 
BNF-1 is independent of specific tumor type. However, the 



;:;x;x;x o:;i:->:' :': -:':^:g 
x;:;^^^:;:.^^;:;T:;:■N::::T::::]^:^^yxN 




Fig. 4, Expression of BNF«1 mRNA in (A) breast normal/tumor tissues, (B) 
lung normal/nimor tissues^ and (C) colon normal/tumor tissues. Semi- 
quantitative PCR was performed on cDNA pairs constructed from closely 
matched normal/tumor tissues. The expression of ribosome protein S9 was 
analyzed as a normal control using a commercial primer kit (Clontech). 



pathological information provided by commercial compa- 
nies for these tumor RNAs and cDNAs does not include the 
vascularized state of the tumor tissues. Therefore, the 
relationship between the up-regulation of BNF-1 in tumor 
tissues and tumor vascularization is not determined in this 
study. ^ 

4. Discussion 

In this study, we have cloned a novel gene, BNF-1, 
whose cDNA fragment was originally identified as being 
differentially expressed in matched tumor/normal tissue 
from a breast cancer patient. Sequence analysis of the full- 
length ORF of BNF-1 revealed that BNF-1 contains a 
N-termirius signal peptide followed by a cleavage site. The 
mature protein of BNF-1 lacks a putative transmembrane 
domain, which suggests that BNF-1 encodes a secreted 
protein. In addition, protein sequence analysis revealed that 
mature BNF-1 contains cysteine-rich repeats, a specific 
feature of several other extracellular matrix proteins 
including thrombospondin-1, thrombospondin-2, pro-col- 
lagen type 1, and von Willebrand Factor 1. Taken together, 
these data suggest that BNF-1 may encode a putative 
extracellular matrix protein. Evidence is provided in this 
report (hat BNF-1 has a specific expression pattern in adult 
normal tissues. Moderate expression of BNF-1 was detected 
only in heart and liver, as well as some hormone-dependent 
tissues, such as ovaiy, testis, and prostate. This specific 
pattern of expression suggests that the function of BNF-1 in 
normal tissues might be tissue-type related. 

To further confirm the ^pression pattern of BNF-1 in 
different types of tumor tissues, we extended our analysis to 
ten additional breast patients, six additional lung cancer 
patients, and six additional colon patients. In this study, we 
chose to use tiunor tissues, instead of cancer cell lines, since 
reports in the literature demonstrate the loss of tumor 
markers associated with continuous tissue culture of some 
cancer cell lines (Luyten et al., 1996; Mira-y-Lopez and 
Ossowski, 1990). However, the use of tumor tissues 
obtained from breast, lung, and colon cancer patients is 
not without issue. For example, it is a well-recognized 
phenomenon that tissue heterogeneity is common among 
solid tiunor tissues (Yescio et al, 1990). Interestingly, we 
observed the up-regulation of BNF-i not only in breast 
cancer patients, but also in hing and colon cancer patients, 
which suggests diat the over-expression of BNF-1 is 
independent of specific tumor type. In this study, the 
frequency of upregulation of BNF-1 varied among breast, 
lung, and colon tumors. It was, despite the limited sample 
size, consistent with that reported for some oncogenes in 
solid tumors. For example, it has been reported that 
oncogene N-MYC was amplified in about 6-7% of small 
cell lung tumors, and oncogene L-MYC was amplified in 
about 13% small cell lung Urniors (Nauet al., 1985). The 
clinical information provided for these commercially 
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available tumor RNAs and cDNA does not include the 
vascular status of the tumor tissues, therefore the relation- 
ship between theup-regulation of BNF-1 in tumor tissue and 
tumor vascularization remains unclear. 

In conclusion, we have isolated a full-length novel 
human gene, BNF-1, whose cDNA fragment was originally 
identified as being dilEferentially expressed in matched 
tumor/normal tissue from a breast cancer patient. Sequence 
analysis revealed that BNF-1 contains a N-terminus signal 
peptide. In addition, protein sequence analysis revealed that 
mature BNF-1 contains cysteine-rich repeats, a specific 
feature of several other extracellular matrix proteins. In the 
adult normal tissues, BNF-1 has a specific expression 
pattern in which it is expressed at relatively moderate levels 
in heart, liver, prostate, testis, and ovary. It is of interest that 
BNF-1 was not only up-regulated in breast tumors, but also 
in lung and colon tumors. 
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4. EXAMPLE 1 8 reports the results of the PCR analyses conducted as part of the 
investigating of several newly discovered DNA sequences. This process included developing 
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primers and analyzing expression of the DNA sequences of interest in nonnal and tumor tissues. 
The analyses were designed to determine whether a difference exists between gene expression in 
nonnal tissues as compared to tumor in the same tissue type. 

5. The DNA libraries used in the gene expression studies were made from pooled 
samples ofnormal and of tumor tissues. Data from pooled samples is more likely to be accurate 
than data obtained from a sample from a single individual. That is, the detection of variations in 
gene expression is likely to represent a more generally relevant condition when pooled samples 
from nonnal tissues are compared with pooled samples from tumors in the same tissue type. 

6. In differential gene expression studies, one looks for genes whose expression levels 
differ significantly under different conditions, for example, in normal versus diseased tissue. 
Thus, I conducted a semi-quantitative analysis of the expression of the DNA sequences of 
interest in normal versus tumor tissues. Expression levels were graded according to a scale of +, - 
, and +/- to indicate the amoxmt of the specific signal detected. Using the widely accepted 
technique of PGR, it was determined whether the polynucleotides tested were more highly 
expressed, less expressed, or whether expression remained the same in tumor tissue as compared 
to its normal counterpart. Because this technique relies on the visual detection of ethidium 
bromide staining of PGR products on agarose gels, it is reasonable to assume that any detectable 
differences seen between two samples will represent at least a two fold difference in cDNA. 

7. The results of the gene expression studies indicate that the genes of interest can be 
used to differentiate tumor from normal. The precise levels of gene expression are irrelevant; 
what matters is that there is a relative difference m expression between normal tissue and tumor 
tissue. The precise type of tumor is also irrelevant; again, the assay was designed to indicate 
whether a difference exists between normal tissue and tumor tissue of the same type. If a 
difference is detected, this indicates that the gene and its corresponding polypeptide and 
antibodies against the polypeptide are usefiil for diagnostic purposes, to screen samples to 
differentiate between normal and tumor. Additional studies can then be conducted if further 
information is desired* 



8. I hereby declare that all statements made herein of my own knowledge are true and 
that all statements made on information or belief are believed to be true, and further that these 
statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States 
Gode and that such willful statements may jeopardize the validity of the application or any 
patent issued thereon. 
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The t(5;14) Chromosomal Translocation in a Case of Acute Lymphocytic 
jfiieukemia Joins the Interleulcin-S Gene to the Immunoglobulin Heavy Chain Gene 



By J. Christopher Grimaldi and Timothy C. Meeker 



Qftromosomal translocations have proven to be important 
trwarkers of the genetio abnormalities csntral to the patho- 
genesis of cancer. By cloning chromosomal breatcpoints 
offie can identify activated proto-oncogenes. We have stud- 
l&<i a case of B-lineage acute lymphocytic leukemia (ALL) 
tf-aat was associated with peripheral blood eoalnophilia. The. 
cfnroinosomal trsnsfocatton t(5;14) (q31:q32) frbnn this 
sample vims cloned and studied at the molecular level. This 

KARYOTYPIC STUDIES of leukemia and lymphoma 
have identified frequent nonrandom chromosomal 
traaslocations. Some of these translocations juxtapose the 
irmmunoglobulin heavy chain (IgH) gene with important 
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Fig 1. DNA blots of the leukemia sampte. The restHotlon 
fragment pattern of norma) human DNA (N) and the leukemia 
sample (L) were compared usfng a human Jh probe. Rearranged 
bands are indicated by arrows. Sample L exhibits a sEngle rear- 
ranged band with both H^/icf III/fcoRI and SaUSJK restriction 
digests. The rearrenged bands are less Intense than the other 
bands because the majority of calls in the sample represent normal 
bone marrow elements. 



tranislocation joined the immunoglobulm heavy chain Join- 
ing ( Jh) region to the promoter region of the lnterleukln-3 
{lL-3) gene In opposite transcriptional orientations. The 
data suggest that activation of the IL-3 gene by the 
enhancer of the immunoglobulin heavy chain gene may play 
a central role in the pathogenesis of this leukemia and the 
associated eosinophilia. 
e 1989 by Grune & Strattonr Inc 

protooncogenes, such as Crmyc and bcl-Z}^ In this way, the 
IgH gene can activate proto-oncogenes, resulting in disor- 
dered gene expression and a step in the development of 
cancer. The investigation of additional nonrandom transloca- 
tions Into the IgH locus allows us to identify new genes 
promoting the generation of leukemia and lymphoma. 

A distinct subtype of acute lymphocytic leukemia (ALL) 
has been characterized by B-lineage phenotype, associated 
eosinophilia in the peripheral blood, and a t(5;14)(q31;q32) 
chromosomal translocation.'*^ This syndrome probably 
occurs in <l% of all patients with ALL. We hypothesized 
that the cloning of the translocation characteristic of this 
leukemia might allow the identification of an important gene 
on chromosome 5 that plays a role in the evolution of this 
disease. In this report we demonstrate that the interleukjn-3 
gene (IL-3) and the IgH gene are joined by this transloca- 
tion. 

MATERlAl^ AND METHODS 

Sample and DNA blots. A ix>ne marrow aspirate from a repre- 
sentative patient whh ALL (LI morphology by French-American- 
British [FAB] criteria), peripheral eosinophilia (up to 20,000 per 
microliter with a normal value of <350 per microliter) and a 
t(S;14)(q31;q32) translocation was studied. Using published meth- 
ods, genomic DNA was isolated and DNA blots were made.^ Briefly, 
10 iig of high molecular weight (mol wt) DNA were digested using 
an appropriate restriction enzyme and electrpphoresed on a 0.8% 
"agftSrbse'^1. The gel was stained with cthidium bromide, photo- 
graphed, denatured, neutralized, and transferred to Hybond (Amer- 
sham, Arlington Heights, IL). After treatment of the filter with 
ultraviolet light, hybridization was performed. The filter was washed 
to a final stringency of 0.2% saturated sodium citrate (SSC) and 
0.1% sodium lauryly sulfate (SDS) and exposed to film. The human 
Jh probe has been previously reported.' 

Genomic library. The genomic library was made using pub- 
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lished methods.^ Approximately 100 Mg of high mol wt genomic 
DNA were partially digested with the Sau3A restriction enzyme. 
Fragments from 9 to 23 kilobascs (kb) in size were isolated on a 
iRUcrose gradient and Ugated into phage EMBL3A (Stiatcgene, San 
Diego). Recombinant phage were packaged, plated, and screened as 
previously reported.* 

DNA sequencing. Fragments for sequencing were cloned into 
Ml 3 vectors and sequenced by the chain termination method using 
Scquenasc (United States Biochemical. Cleveland).' All sequence 
data were derived from both strands. 

RESULTS 

We studied a bone marrow sample from a patient with 
ALL and associated peripheral eoslnophilia. Karyotypic 
analysis showed the charact<?rislic t(5;14)(q31;q32) translo- 
cation. These features define a distinctive subtype of ALL.'^ 
The leukemic cells were analyzed for cell surface phcnotype 
by immunofluorecencc. They were positive for Bl (CD20) 
B4 (CD19), cALLA (CDIO). HLA-DR, and termini! 
deoxynucleotidyl transferase (Tdt), but negative for surface 
immunoglobulin. This phenotypic profile describes an imma- 
ture cell from the B-lymphocytic lineage,' 

The leukemia DNA was analyzed by Southern blotting for 
rearrangements of the IgH gene. Using a human immuno- 
globulin Jh probe, a single rearranged band was detected by 
EcoKl, HindUh Sstl, Sau3A, and £coRJ plus Hindlll 
restriction digests^ suggesting rearrangement of one allele 
(Fig 1). The immunoglobulin Jh region from the other allele 
was presumably either deleted or in the germline configura- 
tion. 

We hypothesized that the t(5;!4)(q31;q32) juxtaposed a 
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growth-promoting gene on chromosome 5 with the immuno- 
globulin Jh region on chromosome 14. Therefore, a genomic 
library was made from the leukemic sample and screened 
with a Jh probe. Fifteen distinct positive clones were isolated 
and screened for the presence of the rearranged Sau3A 
fragment that was detected by DNA blotting. By this 
analysis, five clones appeared to represent the rearranged 
allele identified by DNA hlots. One of these clones (clone no. 
4) was chosen for further study and a detailed restriction 
map was generated. The EcoKl Hindlll/ EcoRl, and I 
fragments from clone no. 4 that hybridized to the human Jh 
probe were also identical in size to the rearranged fragments 
from the leukemia sample,, confirming that clone no. 4 
represented the rearranged leukemic allele. 

Phage clone no. 4 contained 3.7 kb of unknown origin 
joined to the IgH gene in the region of Jh4 (Fig 2). The IgH 
gene from Jh4 to the Cmu region appeared to be in germline 
configuration. Previously, the gene encoding hematopoietiV^ 
growth factor 11^3 had been mapped to chromosome 3q3 1 so 
it was suspected that clone no. 4 might contain part of this 
gene,*-^^ When the restriction ^nap of human IL-3 and clone 
no. 4 were compared, they were identical for more than 3 kb 
(F1g2). 

We confirmed the juxtaposition of the IL-3 gene and the 
IgH gene by nucleic add sequencing of the subcloned 
BstBll/Hpal fragment (Fig 2). The sequence of this frag- 
ment showed no disruption of the protein coding region or the 
messenger RN A of the IL-3 gene. The break in the IL-3 gene 
occurred in the promoter region, 452 base pairs (bp) 
upstream of the transcriptional start site (position 64, Fig 
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to th. map of IL.3. The two wn^s«Tn^nllV^^^ itdXnya in the region of Jh4 (at the dashed line), after which it is identical 
onhancer (E). and Jh aegmonjs are Z^^V^f^L j^::^;'^ oriontatton^h. I9 J. chain oonrtant «.9lon (Cm), switch refllon (S^), 
hatch«i box h,dleat.e the sequenced re^te^ ^ ^' "-3 O-"' shown 
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t<5; -1 4> CHROMOSOMAL TOANSLOCATIOM ^^83 

3pjy. The break m the IgH gene occurred 2 bp upstream of GM-CSF maps within 9 kb of 11^3 in the same transcrip- 

the? region. Between the two breaks, 25 bp of uncertain tional orientation/^ Usmg this mformation and assuming a 

origin (putative N sequence) were inserted J^-** No sequences simple translocation event ui our sample, we can conclude 

hor*K>^ogotts to the immunoglobulin heptamer and nonamer that the IL-3 gene is normally more centromeric, and the 

coii-lii be identified in the 11^3 sequence (Fig 3B). Therefore, GM-CSF gene.more telomeric on chromosome Sq (Fig 4). 

nucleic acid sequendng confirmed the juxtaposition of the Furthermore, both arc transcribed with thdr 5' ends toward 

IL^3 gene and the IgH gene. The sequence data clearly the centromere* 
shoved that the genes wctc positioned in opposite transcrip- DISCUSSION 
tiomal orientations (head-to-head). 

y\vailable data also allowed us to determine the normal In this report we have cloned a unique chromosomal 

positions of the IL-3 gene and the GM-CSF gene in relation translocation that appears to be a consistent feature of a rare, 

to -the centromere of chromosome 5 (Fig 4). The IgH gene is yet distinct, clinical form of acute leukemia. This transloca- 

knovirn to be positioned with the variable regions toward the tion joined the promoter of the IL-3 gene to the IgH gene. 

teI<}inereon chromosome I4q.'''* It has also been shown that Except for the altered promotor, the IL-3 gene appeared 

. + 

5 » GGTGACCAGGGTTCCCTGiGCCCCACTAGTCiUUVGTAGTAGAGCTAATTCATCATAGCTGCGGATTAGCAGCGTGAC 
f\ 3 » CCACTGGTCCCAAGGGACCGGGGTCATCAGTOTCATC ATCTCCATTAACTAGTATC 

• • • • 

5 ' TACCAGACAAACTCTCATCTGTTCCAGTGGCCTCCTGGCCACCCACCAGGACCAAGCAGGGCGGGCAGCAGAGGGCCAGG 
3'ATGGTCTGTTCGAGAGTAGACAA6GTCACCGGAGGACC6GTGGGTGGTCCTGGTTCGTCCCGCCCGTCGTCTCCCGGTCC 

^ ********* ^ , • 

5 •GTAGTCCAGGTGATGGCAGATGAGA!KX:CACTGGGCA6GA6GCCTCAGTGAGCTGAGTCAG^ 240 
3 » CATCAGCT^CACTACCGTCTACTCTAGGGTGACCCGTCCTCCGGAGTCACTC 

5 • GGGGTCCTCTCACCTGCTGCCATGCTTCCCATCTCTCATCCTCCT^ 320 
3 • CCCCAGGAGAGTGGACGACGGTACGAAGGGTAGAGAGTAGGAGGAACTCOTCTACTTCACTATG^ 

********* , 

5 • TTTCTITGTTTC ACTGATCTTGAGTACTAGAAAGTCATGGATGAATAATTACGT^ 490 
3 ' AAAGAACAAAGTGACTAGAACTCATGATCTTTCAGTACCTACTTATTAATGCAGACACCAAAAa^ 



5'AACGircCTTGAAGACAAGCTGGGTTAAC 3' ggg 
3'TTGCAGGAACTTCTGTTCGACCCAATTG 5' 

n ^ , 5 * TGGCCCCAGTAGTCAAAGTAGTCACATTGTGGGAGGCCCCATTAAGGGGTGCACAAAAACCTGACTCTC 
15 IgJh4 3 ' ACCGGGGTCATCAGTTTCAT CAGTGTMCACCCTCCGGGGTAATTCCCCACGTGTTTTTGGACTGAGAG 

, . , 5 • TGGCCCCAGTAGTCAAAGTAGTAGAGGTAATTCATCATAGCTGCGGATTAGCAGCGTGACCGGCTACCA 
• * ^ 3 ' iirrr:r:r>f;Tr ATr&CTTTr.ATC ATCTCCATTAAGTAGTATCGACGCCTA ATCGTCGCACTGGCCGATGGT 

+++++++■••++++++++++++++ 

5 ' GGCACCAAGAGATGTGCTTCTCAGAGCCTGAGGCTGAACGTGGATGTTTAGCAGCGTGACCGGCTACCA 
^^"^ 3 • CCGTGGTTCTCTACACGAAGAGTCTCGGACTCCGACTTGCACCTACAAATCGTCGCACTGGCCGATGGT 

Fig 3. Sequence of ttB;14)(q31;q32) breakpoint region, (A) Nucleotide sequence of the Bsm/Hpa\ fragment Indicated on Fig 2. 
Nucleotides 1 to 36 represent the Jh4 coding region undeHined on the coding strand.' Nucleotides 39 to 63 are e putative N region. The 
sequence from position 64 to 668 \z that of the germline IL-3 gone » The IL-S TATA box 1485), transcription start (615), and initiation 
methionine (667) are underlined. Two proposed regulatory sequences In the promotor are marked by asterisks (positions 1 82 and 389). (B) 
Comparative sequence of the tl6;14)(q31;q32) breakpoint region. The lgJb4 region is shown with its coding region, heptamer, and 
nonamer underilned. Clone no. 4 is shown with putative N region sequences underlined. The IL-3 sequence is also shown. A phis sign (+) 
denotes the Identical nucleotide between sequences. No heptamer or nonamer is identified In the lt-3 sequence. 
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Hg 4. D{agram of the translocation. The normal chromosomo 
Bq31 is shown with th© GM-CSF gene tolomerlo to the IL-3 gene \n 
the transcriptional orientation shown. On normal chromosome 
14q32 the Vh regions are telomeric. The t(5;14Hq31 ;q32) translo- 
cation results In the head-to-head orientation of these genes. 
Symbols are defined In Rg 2. BP, breakpoint position. 



intact as no deletions, insertions, or point mutations were 
detected by restriction mapping of the entire gene and 
sequencing of part of the gene. The IgH gene has been 
truncated at the Jh4 region, which places the immunoglobu- 
lin enhancer within 2.5 kb of the IL-3 gene."-" This leads to 
the hypothesis that the enhancer is increasing transcription 
of a structurally normal IL-3 gene: The same mechanism is 
important for activation of the c-myc gene in some cases of 
Burkitt's lymphoma." An alternate hypothesis is that the 
elimination of an upstream IL-3 promoter element is crucial 
to the activation of the 11^3 gene. 

The proposed activation of the IL-3 gene suggests that an 
autocntie loop is important for the pathogenesis of this 
leukemia. Over-expression of the IL.3 gene coupled with 
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the presence of the IL-3 receptor in these cdls could account 
for a strong stimulus for proliferation. In this regard, there 
are data indicating that immature B-lineagc lymphocytes 
and B-lineage leukcmias may express the IL-3 receptor,*'*^ 

An additional feature of this type of leukemia is the 
dramatic eosinophilia, consisting of mature forms. It has 
been hypothesized that the eosinophils do not arise from the 
malignant clone, but are stimulated by the tumor .'^■^ 
Because of the known effect of IL-3 on eosinophil differentia- 
tion, secretion of high levels of IL-3 by leukemic cells might 
havd a role in the eosinophilia in this type of leukemia." 

The data suggest that the recombination mechanism that 
is active in the IgH gene during normal differentiation has a 
role in this translocation."'" This is supported by the break- 
point location at the 5' end of Jh4 and the presence of 
putative N-region sequences. On the other hand, no recombi- 
nation signal sequence (heptamer and nonamer) was found 
in this region on chromosome 5, suggesting that additional 
factors also played a role. Further studies will elucidate the 
mechanism of this and other translocations.. 

In the leukemia we studied, it is possible that the immuno- 
globulin enhancer also activates the GM-CSF gene, since 
this gene is probably positioned only 14 kb away (Fig 4). This 
is known to be within the range of enhancer activation.^ The 
interleukin-5 (iL-5) gene maps to chromosome 5q3L" 
Deregulation of the IL-5 gene by this translocation would act 
synergistically with IL-3 in the stimulation of eosinophil 
proliferation and differentiation.^' These and other questions 
will be answered by the study of more patient samples; We 
plan to determine whether the t(5;14)(q31;q32) transloca^ 
tion is capable of activating multiple lymphokines shnulta- 
neously and whether they cooperate in the generation of this 
leukemia. 
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RAPID COMMUNICATION 

Activation of the Iiiterleukiii-3 Gene by Chromosome Translocation in Acute 
Lymphocytic Leukemia With Eosinophilia 

By Timothy C. Meisker, Dan Hardy, Cheryl Willman. Thomas Hogan, and John Abrams 



The t(5;14)U31;q32) translocation from B-linaage acute 
lymphoeytio leulcemia with eosinophilia has been cloned 
from two leukemia samples. In both cases, this transloca- 
tk)n Joined the IgH gene and the interleukEn-3 llL-3) gene. In 
one patient, excess IL-3 mRNA was produced by the 
taukomic cells. In the second patient, serum lL-3 levels 
were measured and shown to correlate with disease 

A NUMBER OF chromosome translocations have been 
associated with human leukemia and lymphoma. In 
many cases the study of these translocations has led to the 
discovery or characterization of proto-oncogenes, such as 
bcl-2, CrabU and o-mycy that are .located adjacent to the 
translocation.'*^ It is now widely understood that canc^- 
associated translocations disrupt nearby proto-oncogenes. 

A distinct subtype of acute leukemia is characterized by 
the triad of B-lineage inununophenotype, eosinophilia, and 
the t(5;I4)(q31;q32) translocation.^*^ Leukemic cells from 
such patients have been positive for terminal deoxynuclcotidyl 
transferase (Tdt), common acute lymphoblastic leukemia 
antigen (CALLA), and CD19, but negative for surface or 
cytoplasmic immunoglobulin. In previous work, we cloned 
the t(5;14) breakpoint from one leukemic sample (Case 1) 
and determined that the IgH and interleukin-3 (11^3) genes 
were joined by this abnormality.^ In this report, we extend 
those findings by showing that the t(5;14)(q31;q32) translo- 
cation from a second leukemia sample (Case 2) has a similar 
structure, and we report our study of growth factor expres- 
sion in these patients. 

MATERIALS AND METHODS 
Samples and Southern blots. Case 1 has been described.*^ 
Clinical features of Case 2 have been described in detail? DNA 
isolation and Southern blotting was done using previously described 
methods.^ Ftlters were hybridized with an ioununoglobulm Jh probe, 
a 280 bp BamHl/EcoRl genomic IL-3 fragment, and an IL-3 
cDNAprobe.'-* 

Northern blots. RNA isolation and Northern blotting have been 
described.' Briefly, Northern blots were done by sqiarating 9Mg 
total RNA on 1% agarose-formaldehyde gels. Equal RNA loading in 
each lane was confirmed by ethidium bromide staining. Blots were 
hybridized with an IL-3 cDNA probe extending to thtXho I site in 
exon 5, a 720 bp Sst l/Kpn I probe derived from intron 2 of the IL-3 
gene, a 600 bp Nhe l/Hpa I IL-5 cDNA probe, and a 500 bp Pst 
l/Nco I granulocyle-macrophage colony stimulatmg factor (GM- 
CSF)cDNAprobe."»-" 

Polymerase chain reaction. Primers were designed with BamHl 
sites for cloning. One primer hybridized to the Jh sequences from the 
IgH gene (Primer 144:5'-TAGGATCCGACGGTGACCAGGGT). 
and the other hybridized to the region of the TATA box in the IL-3 
gene (Primer 161: S'.AACAGGATCCCGCCTTATATGTGCAG). 
Polymerase chain reaction (PCR) (95»C for 1 minute, 61^ for 30 
seconds, and 72°C for 3 minutes) was done using 500 ng genomic 
DNA and 50 pmol of each primer m 100 mL containing 67 mmol/L 
Tris-HCl pH 8.8, 6.7 mmoI/L MgCl^, 10% dimethyl sulfoxide 
(DMSO), 170 Mg/mL bovine serum albumin (BSA) (fraction V). 



activity. There was no evidence of excess granulocyte/ 
macrophage colony stimulating factor (GM-CSF) or lUB 
expression. Our data support the formulation that this 
subtype of leukemia may arise in part because of a 
chromosome translocation that activates the IL-^ gene, 
resulting in autocrine and paracrine growth elfeets. 
® 1990 by The American Society of Hematology, 

16.6 mmol/L ammonium sulfate, 1.5 mmol/L each dNTP and Taq 
polymerase (Perkin-Ehner, Norwalk, CT).'* 

Sequencing. Sequencing was done by chau tununation in M 1 3 
vectors." As part of this study, we sequenced a subclone of a normal 
ILr3 promotor. covering 598 base pairs from zSma I site at position 
- 1240 (with respect to the proposed sitg'of transcription initiation) 
to an Nhe I site at position -642. The plasmid containing this region 
was a gift from Naoko Arai of the DNAX Research Institute. 

Expression in Cos? ceils. A genomic 11^3 fragment from Case 1 
was cloned into the pXM expression vector." Briefly, the HiniUli/ 
Sal J fragment containing the IL-3 gene was subcloncd from the 
previously .described phage clone 4 into pUC18,* The Z6 kb 
fragment extending from the Sma I site 61 bp upstream of the IL-S 
transcription start to the Sma 1 site in the polylinker was cloned into 
the blunted Xho I site of pXM. The negatwe control construct was 
the pXM vector without insert. Plasmids were introduced mto Cos7 
cells by electroporation, and supernatant was collected after 48 
hours in culture. 

TFi bioassay. TF-I cells were passaged in RPMI 1640 supple- 
mented with 10% heat-inactivated fetal bovine serum, 2 mmol 
L-gluUmincand 1 ng/mL human GM-CSF." Samples and antibod- 
ies were diluted in this same medium lacking GM-CSF but contain- 
ing pcniciUin and streptomycin. A 25 mL volume of serial dilutions of 
patient serum was added to wells m a flat bottom 96-wcll microtiter 
plate. Rat anti-cytokine monoclonal antibody in a volume of 25 ^L 
was added to appropriate wells and prcincubated for 1 hour at 37'C. 
Fifty microliters of twice washed TF-1 ceUs were added to each well, 
giving a final cell concentration' of 1 x. 10* cells per well.(£nal 
volume, 100 mL). the plate was incubated for 48 hoars. The 
remaining cell viability was determined metabolically by the colori- 
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Rg 1. Breakpoint sequences for Cckse 2. The germlfne l0Jh5 regton sequence (protein codina tBaU^n ™^ . , . 
8equoncosarettnderBneif>bentop,thetr«,.l »lflnal 
is In the middre, and the garmline IL.3 sequence, which we deHved IHmi a nermal IL-3 cl<3.e, fa o„ Sle «ndortm«„ 
sequence has the same nucleotide. The sequence documents the head-to^ieadloWnj, of the IL-3 and laH oVi^h^i^r^^ 
gene occurred et position -934 (•). ^ ■^'^^ breakiwlnt In the IL^ 



metric method of Mosmann using a VMax microtiter plate reader 
(Molecular Devices, Menio Park. CA) set at 570 and 650 nm. " 

Qftokine immunoassays. These assays used rat monoclonal 
anti-cytokine antibodies (10 Mg/mL) to coat the wells of a PVC 
miccoiiter plate. The capture, aatibodies used were BVD3-6G8, 
JES1.39D10. and BVD2-23B6. for the IL.3, H^S, and GM-CSF 
assays, respectively. Patient sera were then added (undiluted and 
diluted 1:2 for 1I/.3, undiluted for lLr5, and undiluted and diluted 
1:5 for GM-CSF). The detecting immunoreagents used were either 
mouse antiserum to IL-3 or niUolodophenyl (NIP)-derivatized rat 
nronoclonal antibodies JES1-5A2 and BVD2-21C11, specific for 
IL-5 and GM-CSF, respectively. Bound antibody was subsequently 
detected with immunoperoxidase conjugates: horseradish peroxidase 
(HRP)-labeled goat anti-mouse Ig for IL<3, or HRP-Iabeled rat (J4 
MoAb) anti-NIP for IL-5 and GM-CSF. The chiomogenic sub- 
strate was 3-3'azino-bis-ben2thiazoline sulfonate (ABTS; Sigma, St 
Louis, MO). Unknown values were interpolated from standard 
curves prepared from dilutions of the recombinant factors using 
Softmax software available with the VMAX microplate reader 
(Molecular Devices). 

RESULTS 

Leukemic DNA from Case 2 was studied by Southern 
blotting. When digested with the HindJll restriction enzyme 
and hybridized with a human immunoglobulin heavy chain 
joining region (Jh) probe, a rearranged fragment at approxi- 
. matcly 1 4 kb was detected (data not shown). When reprobcd 
with either of two different IL-3 probcs.a rearranged 14 kb 
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fragment, comigrating with the rearranged Jh fragment, was 
Identified. Whea leukemic DNA was digested with Hinmi 
ptas EcdBX a rearranged Jli firagment was detected at 6 kb 
Tie IL.3 probes also identified a comigrating fragment of 
this size. These experiments "mdicated that the leukemic 
sampk ^tudied was clonal and that a single fragment 
contamed both Jh and lL-3 sequen««. suggesting a tr^lo- 
caUon had occurred. . 

To characterize better the joining of the 11^3 gene and the 
imniunoglobulin heavy chain (IgH) gene, the polymerase 
Cham reaction (PQl) was used to clone the translocation «» 
A Jh pnmcr and an primer were designed to produce an 
ampUfied product in the event of a head-to-head transloca- 
Uon WhUe control DNA gave no PCR product. Case 2 DNA 
yielded a PCR-derived fragment of approrimatoly 980 bp. 
which was cloned and sequenced. 

•nieDNA sequence of the translocation clone from Case 2 
confinn«l the joining of the Jh region with the promoter of 
tJje lL-3 gene in a head-to^head configuraUon (Fig n 
Sequence analysis indicated that the breakpoint on chrome^ 
some 14 was just upstream of the JhS coding region. The 
breakpoint on chromosome 5 occurred 934 bp upstream of 
the pulaUve site of transcription initiation of the IL-3 gene 
We also determined that a putative N sequence of 17 bp was 
inserted between thTchrSmosome 5 and chromosome 14 
sequences during the translocation event." " Rgure 2 shows 
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Fl9». Ralatlonthlp of chromoiiomBB breakpoints to tho IL-3 gone. Thb figure shows the two donadbraafciw^ . . 

the •.orm.l IL-3 aeno."" One breakpoint occurred at position -462 and the other at -Wi^t^^^^^T^T^^'*^^'*'^ 
tran*lo«ations resulted in a hoad-to4iead Joining of the IgH gene end the IL-3 gene, leaving the mRNA .n^nrJ^ !!2L ."•""i"!*' 
gen. Intact. Boxe. denote the*,. lt^.xon«rLtrlctloS.Svmi»ar.(B)ltoi«M« 
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'^^^^ over-«xpr95sIon. A Northern blot wa« prepared and hybridized with a orobe for IL^ i-n* t 

t^ZL ;:^?arTv^!!r " ^^^-^L""^ ^ ^^"^ ^^^^^ ^onA tor 48 ht^^a AS |„ the i^^^^^ 

(2 «id 3U 1 W, Iwnd was Idemm^ 

^.cuinontod that thb represented an unspHsed precurwr of the mature 1 ia> ti^scrlpt by .howk^^^^^ Land h;^?^d^o ^Dr^e 
*on, In^on 2 of the IL^ gene. A similar 2^ kb baSa W dalectad in lane 2. suMerting that an IL^mRWA of thl^^^^ 

mna\rLe<i by Northern blot because too few cells were availabto for study. 



«be locations of the two cloned breakpoints in relation to the 
lL-3 gene. The two chromosome 5 breakpoints were sepa- 
mted by less than SOD bp. 

The genomic structure in Cases 1 and 2 suggested that a 
aiormal IL-3 gene product was over-expressed as a result of 
the altered promoter structure. This would predict that the 
IL-3 gene on the translocated chromosome was capable of 
making IL-3 protein. This prediction was tested by CTpress- 
ing a genomic fragment from the translocated all^e of Case 
1 containing all five IL-3 exons under the control of the S V40 
promotor/enhancer in the Cos? cell line. Cell supematants 
vferc studied in a proliferation assay using the factor depen- 
dent crythroleukemic cell line. TF-L The supematants' 
derived from transfections using the vector plus insert 
supported TF-l proliferation, while supematants from trans- 
fections using the vector alone were negative in this assay 
(data not show). Fiirthermore, the biolo^c activity could be 
blocked by an antibody to human IL-3 (BVD3-6G8). This 
result showed that the translocated allele retained the ability 
to make IL-3 mRNA and protein. 

The level of expression of IL-3 mRNA in leukemic cells 
from Case 1 was assessed. Northern blotting showed that the 
mature IL-3 mRNA (approximately 1 kb) and a 2.9 kb 
unspliced 11^3 mRNA were excessively produced by the 
leukemia (Rg 3). The 2.9 kb form of the mRNA is also 
present at low levels in normal peripheral blood T lympho- 
cytes after mitogen activation (Fig 3). Several B-lineage 
acute leukemia samples without the t(5;14) translocation 
had undetectable levels of IL-3 mRNA in these experiments. 
In addition, although genes for GM-CSF and IL-5 map close 
to the 11^3 gene and might have been deregulated by the 
translocation, no IL-5 or GM-CSF mRNA could be detected 
in the leukemic sample (data not shown).*' " 

Three serum samples from Case 2 were assayed by 
immunoassay for levels of IL-3. GM-CSF, and IL-5 (Table 
I). Serum IL-3 could be detected and correlated with the 
clinical course. When the patient's leukemic cell burden was 



highest, the IL-3 level was highest. No serum GM-CSF or 
IL-5 could be detected. 

Since the IL-3 immunoassay measured only immunoreac- 
tive factor, we confimed that biologically active IL-3 was 
present by using the TF-l bioassay. This bioassay can be 
rendered monospedfic usmg appropriate neutralizing mono- 
clonal antibodies specific for IL-3, IL-5, or GM-CSF. We 
observed that sera from 1-16-84 and 3-14-84 contained TF-l 
stimulating activity that could be blocked with anti-IL-3 
MoAb (BVD3-6G8), but not with MoAbs to IL-S (JESl- 
39DIO) or GM-CSF (BVD2-23B6) (Fig 4; GM-CSF data 
not shown). The amount of neutralizable bioactivity in these 
two samples correlated very well with the difference in IL-3 
levels obtained by immunoassay for these samples. Further- 
more, the failure to block TF-l proliferating activity with 
either ant|-II^5 or anti-GM;CSFi.was consistent with the 
inability to measure th«e"factors by immunoassay .and 



Table 1. Peripheral Blood Counts and Growth Factor Levels 
at Different Times bt Case 2 





i 

11/15/83 


Sample Dote 
1/16/84 


3/14/84 


PeriphBTBi blood counts (cells/;iL) 








WBC 


81,800 


116,600 


12,300 


Lymphoblasts 


0 


33.786 


0 


Eosinophils 


46.626 


73«08O 


616 


Serum growth fsctor levels (pg/mL) 








IL-3 


• <444 


7,995 


1,061 


GM-CSF 


<16 


<15 


<16 


IL-5 


<50 


<50 


<50 



Peripheral bkwd counts from Case 2 at three different time points wfth 
the con-esponding growth factor levels quantified by Immunoassay. The 
patient received chemotherapy between 1/16/84 and'3/14/84 to tower 
his leukemic burden.' No serum samples were avalfable for a similar 
analysis of Case 1. 

Abbreviation: VVBC« white blood cells. 



o o 



288 



8 



0,7 
0.6 
0.5 
0.4 
0.3 
0.2 
0.1 
0.0 



11-15^ 



1 



1-16-84 




10 100 ' 1000 t 



MEEKER ETAL 

3-1.4-84 ' 
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Reciprocal Dilution 



vertlcalaxrs.Sorur«fromaa three time pofnJS^^^ 

concentration M monoclonal rat antl-IL-3, BVDMGWflST.^^ Mfl/mL final 

mblWtion of proriforatlon was evident iivthaTpresence of a^^^ ° M^^b. On 1/16/84 and 3/14/84 

was not detected In this assay, as antWL^dS^nTaher -ocumentinfl serunf levels of IL^ on thbee day,. Se^^^ 



indicated that these other myeloid growth facton were not 
detcctebly drcuIaUng in the scrum of this patient. 

DISCUSsrON 

In this report, we have extended our analysis of acute 
lymphocytic leukemia and eosinophilia associated with the 
t(5;14) translocation. In both cases we have studied, we have 
documented the joining of the IL-3 gene from chromosome 5 
to the IgH gene from chromosome 14. The brcalqwints on 
chromosome 5 are within 500 bp of each other, suggestmg 
that additional breakpoints will be clustered in a small region 
of the 11^3 promoter. The PGR assay we have developed wiU 
be useful in the screening of additional clinical samples for 
this abnormality. 

The finding of a disrupted IL-3 promoter associated with 
an otherwise normal IL-3 gene implied that this transloca- 
tion might lead to the over-expression of a normal IL-3 gene 
producU In this work, we have documented that this is true 
In addition, neither GM-CSF nor !L-5 are^ over-expressed by 
the leukemic cells. Furthermore, in one patient, serum IL-3 
could be measured and correlated with disease activity. To 
our knowledge, this is the first measurement of human IL-3 
in serum and its association with a disease process. The 
measurement of serum IL-3 in this and other clinical settings 
may now be indicated. 



The finding of the IL-3 gene adjacent to a cancer- 
associated transIocaUon breakpoint suggests that its acOva- 
tion IS miportant for oncogenesis. It is our thesis that an 
autocrine loop for 11^3 is important for the cvohition of this 
leukemia. The excessive 11^3 production that we have 
documented would be one feature of such an autowine loop 
The final proof of our thesis must await additional data In 
particular, from the study of additional clinical samples it 
will be necessary to document that the IL-3 receptor is 
present on- the leukemic cells and that anti-11^3 antibody 
decreases proliferation of the leukemia in vitro. 

An important aspect of this work is the suggestion of a 
therapeutic approach for this disease. If an autocrine loop for 
IL-3 can be documented in this disease, attempts to lower 
circulating IL-3 levels or block the interaction of IL-3 with 
Its receptor may prove useful. Because it is also possible that 
the eosinophilia in these patients is mediated by the para- 
crine effects of leukemia-derivpd %3. similar mtervcntions 
may improve this aspect of the diseasi. Antibodies or^ 
engmeered ligands to accomplish these goals may soon be 
available. 
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Clinical and Pathologic Significance of the 
c-erbB-2 {HER-2/neu) Oncogene 

Timothy R Singleton and John G. Strickler 



Bic c-er&B-2 oncogene was first shown to have dinical significance in 1987 by 
Slamon et sl^^ who reported that <serbB-2 DNA amplification in breast carcino- 
mas correlated with decreased survival in patients with metastasis to axillary 
lymph nodes. Subsequent studies, however, of c*eriB-2 activation in breast 
carcinoma reached conflicting conclusions about its clinical significance. This 
oncogene also has been reported to have clinical and pathologic implications in 
other neoplasms. Our review summarizes these various studies and examines 
the clinical relevance of c-eriB-2 activation, which has not been emphasized in 
recent reviews. a7.M»6S The molecular biology of the c-gr6B-2 oncogene has been 
extensively reviewed^^.^^^ and will be discussed only briefly here. 



BACKGROUND 

The o-erbfi.2 oncogene was discovered in the 1980s by three lines of investiga- 
tion. The neu imcogene was detected as a mutated transforming gene in 
neuroblastomas induced by ethylnitrosurea treatment of fetal rats.®'''*'HTO The c- 
er6B-2 was a human gene discovered by its homology to the retroviral gene v- 
er&B HER-2 was isolated by screening a human genomic DNA libiaiy for 
homology with v-erfcB w When the DNA sequences were determined subse- 
quently, c^riB-2. and neu were found to represent the same gene. 
Recently, the oncogene also has been referred to as WGL. 

The c-erfeB-2 DNA is located on human chromosome 17q21*<*»« and codes 
for c-erfcB-2 mENA (4.6 kb). which translates c-er6B-2 protein (pl85). This 
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[ protein is a norma] component of cytoplasmic membranes. The c-eri?B-2 

- ; • oncogene is homologous with, but not identical to, c-erfeB-1, which is located 

- ) on chromosome 7 and codes for the epidermal growth factor reccptor.^«^°^Thc c- 
erbB-Z protein is a receptor on cell membranes and has intrapellular tyrosine 
kinase activity and an extracellular binding domain.^'* Electron microscopy 
with a polyclonal antibody detects o-«r&B-2 immunoreactivity on cytoplasmic 
membranes of neoplasms, especially on microvilli and the non-villous outer cell 

;^ membrane.^ In normal cells, immunohistochemical reactivity for o-erbB-l Is 

!;;• . frequently present at the basolateral membrane or the cytoplasmic membrane's 

■ brush border. 

There is experimental evidence that 6-er&B-2 protein may be involved in 
the pathogenesis of breast neoplasia. Overproduction of otherwise nomud c- 
\ \ . er&B-2 protein can transform a cell line into a malignant phenotype,^ AIso» 

when the neu oncogene oontainiiig^ activating point mutation is placed in 
: transgenic mice with a strong promoter for increased expression, the mice 

f |« . develop multiple independent mammary adenocarcinomas.^^^ In other expen- 

|f j - ments, monociona] antibodies against die neu protein inhibit the growth (in 

i l " nude mice) of a neu-transfoimed cell line,^*^ and. immunization of mice with 

I neu protein protects them from subsequent tumor challenge with the neu- 

'^ V transformed cell line." Some authors have speculated that the use of antago- 

'l fi ■} nists for the unknown ligand could bo usofiil in future chemotherapy.^ FurOier 

review of this experimental evidence is beyond the scope of this article. 

The c-erfcB-2 activation most likely occurs at an early stage of neoplastic 
^ . , development. This hypothesis is supported by the presence of c*^bB-2 activa- 

>i.::.! tion in both In situ and invasive breast candnomas. In addition, studies of 

1 . metastatic breast carcinomas usually demonstrate uniform c^rbB-2 activation 

|f \. at multiple sites in the same patient, although c-€rfcB-2 activation has 

'i? i: ^ rarely been detected in metastatic lesions but not in the primary tumor;*^'®*^**^ 

i.; Even more rarely> c*er&B-2 DNA amplification has been detected in a primary 

ll .! breast carcinoma but not in its lymph node metastasis.^ In patients who have 

bilateral breast neoplasms, both lesions have similar patterns of c-er!7B-2 activa- 
tion, but only a few such cases have been studicd..^^ 



MECHANISMS OF c-erdB-2 ACTIVATION 



The most common mechanism of c-erfcB-2 activation is genomic DNA amplifica- 
tion, which ahnost always results in overproduction of c-8ribB-2 mBNA and 
protein, The c-erfcB-2 amplification may stabilise the overprodoction of 

|j ! mRNA or protein througli unknown mechanisms. Human breast carcinomas 

with c-«r&B-2 amplification contain 2 to 40 times more c-crbB-2 DNA^^ and 4 to 
128 times more c-0r&B-2 mBNA^»^ than found in normal tissue. Most human 
i| Ij * breast carcinomas with c-er&B-2 amplification have 2 to 15 times more c*er&B-2 

DNA. 1\imors with greater amplification tend to have greater overproduc- 
- tion."»®'« The non-mammary neoplasms that have been studied tend to have 
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similar levels of c-er&B-2 amplification or overproduction relative to the corre- 
sponding normal tissue. 

The second most common mechanism of activation is overproduc- 

tion of o-erbB*2 mRNA and protein without amplification of DNA.^^ 
The quantities of mKNA and protein usually are less than those in amplified 
cases and may approach the small quantities present in normal breast or other 
tissues. i'^«K>»s* The o-erhB-Z protein Overproduction without mRNA overproduc- 
tion or DNA amplification has been described in a few himian breast carcinoma 
cell lines.*^ 

Other rare mechanisms of c-erbB-i activation have been reported. Translo- 
cations involving the c-er&B-2 gene have been described in a fe>y mammary and 
gastric carcinomas, although some reported cases may represent restriction 
fragment length polymorphisms or incpm^lete restrictton 6nzyme digestions 
that mimic translocatlons.^**^'^"'*^!** A siilgle point mutation in the transmem- 
brane portion of neu has been described in rat neuroblastomas induced by 
ethylnitrosurea^^ The mutated neu protein has increased tyrosine kinase activ- 
ity and aggregates at the cell membrane. Although there has been specula- 
tion that some of the amplified c-eribB-2 genes may contain point mutations,^ 
none has been detected in primary human neoplasms. **'»^''^ 

TECHNIQUES FOR DETECTING 0*erbB-2 ACTIVATION 
Detection of c*erbB-2 DNA Amplification 

Amplification of c-«riB-2 DNA is usually detected by DNA dot blot or South- 
em blot hybridization. In the dot blot method, the extracted DNA is placed 
directly on a nylon membrane and hybridized with a o-erbh-i DNA probe. In 
the Southern blot method, the extracted DNA is treated with a restriction 
enzyme, and the fragments are separated by electrophoresis^ transferred to a 
nylon membrane, and hybridized with a c-«riB-2 DNA probe. In both tech- 
niques, c*er&B-2 ampliiication is quantified by comparing the intensity (rhea- 
sured by densitometry) of the hybridization bands from the sample with fliose 
from control tissue. 

Several technical problems may complicate the measurement of c-erfrB-2 
DNA amplification. First, the extracted tumor DNA may be excessively de- 
graded or diluted by DNA from stromal cells* Second, the c-er&B-2 DNA 
probe must be carcfiiUy chosen and labeled. For example, oligonucleotide o- 
eriB-2 probes may not be sensitive enough for measuring a low level of c-eriB- 
2 amplification, because diploid copy numbers can be diiBcult to detect (unpub- 
lished data). Third, the total amounts of DNA In the sample and control tissue 
must be compensated for, often with a probe to an unamplified gene. Many 
studies have used control probes to genes on chromosome 17, the location of c- 
er6B-2, to correct for possible alterations in chromosome number. Identical 
results, however, are obtained by using control probes to genes on other chro- 
mosomes, ^^^^ with rare exception.'^ Studies using control probes to the beta- 
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globin gene must be interpreted with caution, because one allele of this gene is 
•deleted occasionally In breast carcinomas.' 

Amplification of c-erbh-^Z DNA was assessed by using the polymerase 
chain reaction (PGR) in one recent study^ Oligoprimers for the o-erbh-2 gene 
and a control gene are added to the sample s DNA, and PGR is perfonned. If 
the sample contains more copies of c-erbB-2 DNA than of the control gene, the 
c-«r2»B-2 DNA is replicated preferentially. 

Detection of t>erbB^2 mRNA Overproduction 

Overproduction of c-erfeB-2 mRNA usually is measured by RNA dot blot or 
Northern blot hybridization, ^oth techniques require extraction of RNA but 
otherwise are analogous to DNA dot blot and Southern blot hybridization. Use 
of PGR for detection of mRNA hacbeen described in two recient 

abstracls.6^i<« 

Overproduction of c-er&B-2 mRNA can be measured by in situ hybridiza- 
tion. Sections are mounted on glass slides, treated with protease, hybridized 
wi£h a radiolabeled probe, washed, treated with nuclease to remove unbound 
probe, and developed for autoradiography Silver grains are seen onV over 
tumor ceUs that overproduce c-er6B-2 mRNA. Negative control probes axe 
used.»'W,io6 Our experience indicates that these tedmiques arc rdatiyely insensi- 
tive for detecting oerbB-2 mRNA overproduction in routinely processed tis-r 
sue. Although the sensitivity may be increased by modifications thai allow- 
simultaneous detection of C'erbB-2 DNA and mRNA, in situ hybtidization still 
is cumbersome and expensive (unpublished data). 

All of the above oerbB'2 mRNA detection techniques have several prob- 
lems that make them more difficult to perform than techniques for detecting 
DNA amplification. One major problem is the rapid degradation of RNA in 
tissue that is not immediately frozen or fixed. In addition* during the detection 
procedure, RNA can be degraded by RNase; a ubiquitous enzyme, which must 
be eliminated meticulously from laboratory solutions. Third, control probes to 
genes that are uniformly expressed in the tissue of interest need to be carefidly 
selected. . ^ - ' . 

Detection of CHerbB-2 Protein Overproduction 

Tbe most accurate methods for detecting c-er/?B-2 protein overproduction are 
the Western blot method and immunoprecipitation. Both techniques can docu- 
ment the binding specificity of various antibodies against c-erbB-^ protein. In. 
Western blot studies, protein Is extracted from the tissue, separated by electro- 
phoresis (according to size), transferred to a membrane, and detected by using an- 
tibodies to c-er&B-2. In immunoprecipitation studies, antibodies against c-erbh- 
2 are added to a tumor lysate, and the resulting protein-antibody precipitate is 
separated by gel electrophoresis and stained for protein. Both Western blot and 
immunoprecipitation are useful research tools but currently are not practical ibr 
diagnostic pathology, TWo recent abstracts have described an enzyme-linked 
immunosorbent assay (ELISA) for detection of c-arfcB-2 protein. 
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Overproduction of c-erl>B-2 protein is most commotily assessed by various ^ 
immunohistochemica] techniques. These procedures, often generate conflicting } 
results, which are explained at least partially by three factors. First, various | 
studies have used- different polydonal and monocbnal antibodies. Because 
some polyclonal antibodies recognize weak bands in addition to tKe Q-erbB*Z 
protein band on Western blot or immunoprecipitationj the results of these 
studies should be interpreted \vith caution.^^^*^ Even some monoclonal anti- 
bodies Immunoprecipitate protein bands in addition to c-eriB-2 (plSS),^-^^*^ 
Second, tissue fixation contributes to variability between studies. For example, 
some antibodies detect c-erbB-^Z protein only in frozen tissue and do not' react 
in fixed tissue. In general, formalin fixation diminishes the sensitivity of 
immunohistochemical methods and decreases the number of reactive cells."*" 
When Bouins . fixative is used, there may ♦.be a hi^iei^percejitage of positive 
cases,^ Third, minimal criteria for interpreting immunohistochemical staining 
are generally lacking. Although there is general agreement that distinct crisp 
cytoplasmic membrane staining is diagnostic for o-er&B-2 activation in breast 
. carcinoma, the number of positive cells and the staining Intensity required to 
diagnose c-criB-2 protein overproduction varies firom study to study and from 
antibody to antibody. Degradation of C'-erbB-2 protein is not a problem because 
it can be detected In intact form more than 24 hours after tiunor resection . 
without fb^tion or freezing.^ 

ACTIVATION OF c-eri>B-2 IN BREAST LESIONS 
Incidence of c-erbB-2 Activation 

Most studies of c-erbB-2 oncogene activation do not specify histologica] sub- 
types of infiltrating breast carcinoma. Amplification of c~«r&B>2 DNA was found 
in 19.1 percent (519 of 2715) of invasive carcinomas in 25 studies (Ikble 1), and 
c-erfcB-2 mRNA or prot^ overproduction was detected in 20.9 percent ^66 of 
2714) of invasive carcinomas in 20 studies. Twelve studies have documented c- 
^rbh^2 mRNA or protein overproduction ih 15 percent (88 of 604) of carcinomas 
that lacked c-erhB-i DNA amplification. 

The incidence o£i>BrbBr2 activation in infiltrating brem»t carcinoma varies 
with the histological subtype. Approximately 22 percent (142 of 650) of infiltrat- 
ing ductal carcinomas have c-erfeB-2 activation, as expected from the above 
data. Other variants of breast carcinoma with frequent c-erbB-2 activation are 
inflammatory carcinoma (62 percent, 54 of 87), Paget's disease (82 percent, 9 of 
11), and medtdlary carcinoma (22 percent, 5 of 23). In contrast, c-er6B-2 activa- 
tion is infrequent in infiltrating lobular carcinoma (7 percent, 5 of 73) and 
tubular carcinoma (7 percent, 1 of 15). 

The c-erbB^Z protein overproduction is present tn 44 percent (44 of 100) of 
ductal carcinomas in situ and especially comedocardnoma in situ (68 percent, 
40 of 72). The micropapillary type of ductal carcinoma in situ also tends to have 
c-erbB'2 actlvation,^'®*»* especially if larger cells are present. The greater fre- 
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quency of o-erfcB-2 protein overproduction in ooznedocaicinoma in situ, com- 
pared with infiltrating ductal carcinoma, could be e^qplained by the feet that 
many infiltrating ductal carcinomas arise from other types of intraductal carci- 
noma, which show o*er&B-2 activation infrequently. Others have speculated 
that carcinoma in situ with c-er2;B-2 activation tends to regress or to lose c- 
erbh-Z activation during progression to invasion.-*^^^'^ Infiltrating and in situ 
components of ductal carcinama, however, usually are similar with respect to o- 
erbB-2 activation, althou^^ some authors have noted more heterogeneity of 
the immiinohistochemical staining pattern in invasive thah In in situ carci- 
noma,**-***" Activation of c-er&B-2 is infrequent in lobular cardnoma in situ. If 
lesions contain more than one histological pattern of carcinoma in situ, the c- 
erfcB-2 protein overproduction tends to occur in the comedocardnoma in situ 
but may include other areas of t^cinoma in situ.*w« Overproduction of e- 
erbB'^ protein in ductal carcinoma in situ correlates with larger cell size and a 
periductal lymphoid infiltrate,*^ 

Activation of c-erfeB-2 has not been identified in benign breast lesions, 
including fibrocystic disease, fibroadenomas, and radial scars (Table 2). Strong 
membrane immunohistochemical reactivity for o-erbB'2 has not been described 
in atypical ductal hyperplasia, although weak accentuation of membrane staining 
has been noted infrequently. w-fl.M jn normal breast tissue, o-erfcB'2 DNA is 
diploid, and c-er6B-2 is expressed at lower levels than in activated tumors.^^®-™ 

These preliminary data suggest that c-erbB-2 activation may not be usefrd 
for resolving many of the common problems in diagnostic surgical pathology. "For 
example, e<er&B*2 activation is infrequent in tubular carcinoma and radial scars. 
In addition, because c-erbB-2 activation is unusual in atypical ductal hyperplasia, 
cribriform carcinoma in situ, and papillary carcinoma in situ, detection of o-erfeB- 
2 activation in these lesions may not be helpful in their differential diagnosis. The 
histological features of comedocarcinoma in situ, which commonly overproduces 
c-sr&B*2, are unlikely to be mistaken for diosc of benign lesions. Activation of 



TABLE 2. c-efdB>2 ACTWATON IN BENIGN HUMAN BREAST tpSlpWS 





DNA 


6^d-2mnKA 


o^rbM Protein 


Histological Diagnosis 


AmpllflcBtion' 


OveTproductlon 


Overproduction 


Fibrocystic disease 


0/1 OM 




0/32.39 0/9 M0/8» 


Atypical ductal hyperplasia 






2(weak)/21,s4 
t(cy!oplasnnto}/13» 


Benign ductal hyperplasia 






0/12" 


Sclerosing adenosis 






0M» 


Rbroadenomas 


0/16.«0/6,w 
QfZ,^ 0/1«' 


0/6 »0^ 


0/21,38 0/1 0,« 
0/B,wq/3« 


Radtal scars 






0/22» 


Blunt duel adenosis 






0/14» 


•Breast mastosls" 




0/3» 





"Shown as number of cases wtm acUvaUon/numbar o{ cases sludiod; reference Is Qlven as a superscrIpL 
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c-erfeB-2, however, does Savor infiltrating ductal carcinoma over infiltrating 
lobular carcinoma. Further studies of diese issues would be useful. 

Correlation of Activation With Pathologic Prognostic Footers 

Multiple studies have attempted to correlate c-erbB-2 activation with various 
padiolo^ prognostic factors (Table 3). Activation of. c-er&Br2 was correlated 
with lymph node metastasis In 8 of 28 series, with higher histological grade in 6 
of 17 series, and with higher stage in 4 of 14 series. Large tumor size was riot 
associated with c-erbB-Z activation in most studies (11 of 14). Tetraploid DNA 
content and low proliferation, measured by Ki-67, hove been suggested as 
j^rognostic factors and may correlate with activation*^*^ 

Correlation of c-er6B-2 Acth/atfon With Cilnlcat-Prognostic Factors 

Various studies have attempted also to correlate c-eri^B-2 activation with clinica} 
features that may predict a poor outcome (Table 4). Activation of c-«r&B-2 
correlated with absence of estrogen receptors in 10 of 28 series and with ab- 
sence of progesterone receptors in 6 of 18 series. In most studies, patient age 
did not correlate with c-6r&B-2 activation, and, in the rest of the reports, c> 
erbB-2 activation was associated with either younger or older ages. . 

Correlation of c-orbB-2 Activation With Patient Outcome 

Slamon et al^-^^ first showed that amplification of the c-er2^B-2 oncogene inde- 
pendently predicts decreased survival of patients with breast cardnoma. The 
correlation of c-erbB-2 amplification with poor outcome was nearly as strong as 
the correlation of number of invdlved lymph nodes with poor outcome. Slamon 
et al also reported that c-er{>B-2 amplification is an important prognostic indica* 
,tor only in patients with lymph node metastasis. 

A large number of subsequent studies also attempted to correlate c-erbB-2 
activation with prognosis (Table 5). In 12 series, there was a conrelatlon be- 
tween c-erbB-2 activation and tumor recurrence or decreased survival. In five 
of these series, the predictive value of o-erbB-2 activation was reported to be 
independent of other prognostic iactor5.-In contrast, 18 seizes did not-confirm 
the correlation of c-er&B-2 activation with recurrence or survival. Four possible 
explanations for this controversy are discussed below. 

One problem is that c-erfeB-2 amplification . correlates with prognosis 
mainly in patients with lymph node metastasis, As summarized in Table 5, most 
studies of patients with axillary lymph liode metastasis showed a correlation of 
c-erbB-2 activation ^^'lth poor outcome. In contrast, most studies of patients 
without axillary metastasis have not demonstrated a correlation with patient 
outcome. Table 6 summarizes the studies in which all patients (with and with- 
out axillary metastasis) were considered as one group. There is a trend for 
studies with a higher percentage of metastatic cases to show an association 
between c-crfcB-2 activation and poor outcome. Thus, most of the current 
evidence suggests that c-erbB-Z activation has prognostic value only in patients 
with metastasis to lymph nodes. 
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TABLE 5, CORRELATION OF c-erbM ACTIVATION WITH OUTCOME IN PATIENTS 
WITH BREAST CARCINOMA 



Number of Patlams 



Typeot 



With 
MetantasUsto 





Activation* 


Total 


Axniaty 
Lymph Noden 


. No 
maaHtsIa 


etatlstleiil 
Analysfsfl 


Reference 


<0,05 


DNA 


176 






M 


Qf 


<6.os 


DMA 


61 








fiO 


<aoB 


DNA 


57 






It 

V 




<0.D5 


DNA 


41 






u 

w 


09 


<0.05 


mRNA 


52 






n 
w 


IKI 


<0.05 


Protein 


:102 






M 


101: 


<0.OS 


DNA 




345 




M 


99 


<0.05 


DNA 




120 






17 
1 f 


<0.05 


DNA 




91 




u 


87 


<0.O5 


DNA 




86 




M 


70 


<0.06 


Proteln-WB 




350 




• M 


86 


<ao5 


Protein 




62 


44 


U 


101 


0.05-0.15 


DNA 


57 






U 


111 


0.05-0.15 


Protein 


189 






M 


92 


0.05-0.15 


Protein 




120 




U 


86 


>0.15 


DNA 


130 






U 


113 


>0,15 


DNA 


122 






M 


4 


>0,15 


DNA 


50 






U 


44 


>0.15 


mRNA 


57 






u 


50 


>0.15 


Protein 


290 






M 


86 


>0.15 


Protein 


195 






U 


11 


>0.15 


Protein 


102 






u 


39 


>0.15 


Protein 




137 




u 


17 


>0,15 


DNA 






181 


M 


61 


>0.15 


DNA • 






159 


U 


1^7 


>0.16 


DNA 






73 


u 


»7 


>0.15 


Pfoleln-WB 






378 


u 


85 


>0.15 


Proleln-WB 






192 


u 


17 


>0,15 


Protein 






141 


u 


86 


>0,15 


Protein 






41 


u 


40 



■The endpolnta of kheBs siudiea were tumor recurrence or debased survlvel or both. Corrolallon between 
erbB'Z acthraUon and a poorer patient outcoma Is slatlsUcaUy elgnlfteant ai <0,0S, to o1 equivocal slenlficartoe 
al 0.Q5 to 0.16. and !& not signlRcant al >0'.16. 

^Shown aa variable measured. Lettara 'V/B'* btdleese assay by Western blot; the othar protein studlea used 
rmmunohlstochamlca) method^. 

»M «* muhlvarlete statistical anatysls: U = unfvBrfate staSlBlloal analyara. 
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1™^$!**^**^^^^®^ BREAST CMCINOMAS WITH METASTASIS COMPARED 
Wmt PROGNOSTIC SIGNIFICANCE OF ^wftMACTIVATION 



%of tumors v¥lth 
lymph node 
meta9tB6l8 In 
each study 



70- 



60- 



60- 



40- 



71 (DNA)» 



61 (DNA)«> 
58(ProteIn}^( 



64(DNA)i" 



64(mRNA)» 
61(DNA)^ 



68(ONA)** 
57{DNA)«» 
S5(Proteln)» 

48(Protein)" 
46(Prole(n)» 



42(ProtB^)B 



P<0.05 



O.OS<P<0.16 



p>o:iB 



P tor wirolalton «f o-efftB-2 actlvatton wim paKeril inito^ 

^ch Bhid/a percentage of breast carcinomaa with metastasis ia compaped with the eorrelaOon belHrafln i> 
erfaB-2 acUvatton and outcome, -fheso data Include ohV^iosastudles that eonsldered< onegreup, aB bream 
cancer panents. whether or not they had axiSaiy metastasis. Supeiscrtpts are the relaranoes. In pventhesofi 
are the types ol c^r&8-2 activation, p vatues are Interpreted as In Table 3. 



A second problem is that various types of breast carcinoma are grouped 
togeAer in many survival studies. Because the current literature suggests that 
c-€rfcB-2 activation Js infrequent in lobular cardnoma, studies that combine 
infiltrating ductal and lobular carcinomas may dilute the prognostic effect of c- 
ertB-S acUvadon ia dujjtal tumors. In additictni most studies do not analyze 
inflammatory breast carcinoma separately. This condition frequently shows o- 
activation and has a worse prognosis than the usual mammary card- 
noma, but it is an uncommon lesion. 

A third potential problem is the paudty of studies that attempt to correlate 
c-erfeB-2 activation with clinical outcome in subsets of breast carcinoma widiout 
metastasis. TWo recent abstracts reported that in patients widiout lymph node 
metastasis who had various risk factors for recurrence (such as large tumor size 
and absence of estrogen receptors), c*erbE-2 overexpresslon predicted early 
recurrence, In patients with ductal carcinoma in situ, one small study found 
no association between tumor recurrence and c-€rfeB-2 activation.^ 

A fourth problem is the lack of data regarding whether the prognosis 
correlates better with c^rbB'2 DNA amplificaHon or with mRNA or protein 
overproduction. Most studies that find a correlation between oerbh-Z actlva- 
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tion and poor patient outcome measure DNA.amplificatiOD (Table S), 

and breast carcinoma patients vsdfli greater amplification of c^erbB-2 may have 
poorer survival '^'W Recent studies suggest tfiat ampllficaUon has more prognos- 
tic power than overproduction,i7.3i.35 but the clinical significance of c-«rfeB-2 
overproduction without DNA amplificatipn deserves further researchJW Few 
studies have attempted to correlate paUent outtome with mRNA 
overproduction, and many studies of c-erfeB-2 protein overproduction use rela- 
tively less reliable methods such as immunohistochemicsd studies with poly- 
clonal antibodies. 

Comparison Of c-eriiB-2 Activation With OtherOncogenes In 
Breast Carcinoma 

Other oncogenes that may have prognostic implications iniuman breast cancer 
are reviewed elsewhere, hus section will be restricted to a comparison 
between the clinical relevance of and these other oncogenes. 

The c^myc gene is often activated in breast carcinomas, but c-rnyc activa- 
tion generally has less prognostic importance than activation, «»M.77.e7.w 
One study found a correlation between increased mRNAs of c-er&B*2 and o- 
myc, although other reports have not conffrmed diis.^*.** Subsequent research, 
however, could demonstrate a subset of breast carcinomas in which c-myc has 
more prognostic importance than c-criB-2. 

The gene c-criB-l for the epidermal growth factor receptor (EGFR) is 
homologous with c.eriB-2 but is infrequently amplified in breast carcinomas. 
Overproduction of EGFR. however, occurs more frequently than amplification 
and may correlate with a poor prognosis. In studies that have examined both c- 
and EGFR in the same tumor, c-eriB-2 has a stronger correlation with 
poor prognostic fectors.^ B* Studies have tended to show no correlation between 
ampliiication of c^rfeB-2 and c^erbB-1 or overproduction of c-6r6B-2 and EQFR, 
although at the molecular level EGFR mediates phosphorylation of c^riB-2 
protein.«.«.«i.BB.ioo Recent reviews describe EGFR in breast carcinoma,«^i«> 

. The genes o-erbA and ear-1 are homologous to the thyroid hormone recep- 
tor, and they are located adjacent to'^<S^tBiJfi on chromosome 17. ^Iliese gene? 
are fi^uently coamplified with c-er&B-2 in breast carcinomas. Hie absence of 
c-erfcA expression in breast carcinomas, however, Is evidence against an impor- 
tant role for this gene In breast neoplasia « AmplificaUon of C'erfcB-2 can occur 
without ear-l amplification, and these tumors have a decreased survival that is 
similar to tumors with both c-erfcB-Z and ear-1 ampllflcatlon.87 Consequently, 
c.ertB-2 amplification seems to be more important than amplification otoerbA 
or ear-l. 

Other genes also have been compared with c-er&B-2 activation in breast 
carcinomas. One study found a significant correlation between increased o^fcB- 
2 mRNA and increased mRNAs offos, platelet-derived growth factor chain A, 
and Ki-r^w.iw Allelic deletion of c-Ha-ra* may indicate a poorer prognosis ill 
breast carcinoma,«i but it has not been compared with c-er6B-2 activation. Some 
studies have suggested a correlation between advanced stage or recurrence of 
breast carcinoma and activation of any one of several oncogenes. 
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ACTIVATION OF c-orbB-2 IN NON-MAMMARY TISSUES 

Incidenco of c-ordB-2 Activation in Non-Mammary Tissues 

Table 7 suniinarizes the normal tissues in which c-«rbB-2 expression has been 

detected, usually with ixmnupohistocheinicfl] methods using polyclonal anti- 



TABtE 7. PRESENCE OR ABSENCE OF mRNA OR 0^8-2 PROTEIN IN 

NORIIAL HUMAN TISSUES 



Tissues With 
mRNA 



Tissues Producing Tissues Lacking Tissues Lacking 

Protein* . e-erbS-2mRNA . o«i^B-2 Protein 



Stomach" 

Je]unum'< 

Oolon«* 

Kldneye^ 



Lhrer« 



Lung« 



Fetal brain» 

Thyroid* 
Uterus?* 



Placenta^ 



Epldomils" 
External root shealh^ 
EoBilne sweat gland» 
Fetal oral mucosa^ 
Fetal esophagus^s ' 

Stomacha® 
FelaJ Intestine"* 
Small Intestlne^^ 
Coton^iW 
Fetal Kidney«» 

Fetal proximal !ubu)e*> 
Distal tubute^ 
Fetal collecting duct« 
Fetal renal pelvis** 
Fetal ureter« 
Hepatocyies22 
Pancreatic acin'F 
Pancreatic ducl6*w» 
Endocrine cells of Islsts 
ot Langerliansa 

Fetal trachea". 
Fetal bronchioles**^ 
Bronchioles" 



Fetal ganglion cells'* 



KIdneysio* 



Ovary" 

Bloodvessels^ 



Postnatal orsd mucosa*^ 
Postnatal esophagus'^ 



Glon)srulU9? 

Postnatal Bowman's capsule*^ 
Postnatal proxlmaltubule'^ 

Postnatal collecting dud^ 
Postnatal renal patvls^ 
Postnatal fetal ureter'' 
Uvei«« 



Pancreatfclstets'' 

Postnatal trachea^ 
Poslnatal bronch1olefi>^ 

Postnatal alveotP^ 
Postnatal br^n" 
Postnatal ganglion cells'^ 



Endothalium*' 

Adrenooortloal cells'^ 
Postnatal thymus's 
Fibroblasts'^ 
Smooth muscle oslls^ 
Cardiac muscle cells^ 



This protein study used Western blots; the rest used ImmunDhlstochemlcal melliode, 
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bodies. Only a few studies have been performed, and some of these do not 
demonstrate convincing ceU membrane reactivity in the published photo- 
graphs. The interpretations in these studies, however, are listed, with the 
caveat that these findings should be confirmed by im^tmopfecipitaUon or 
Western or RNA blots. Production of CH?r&B-2 has been identified in ixbrmal 
epithelium of the gastrointestinal tract and skin. Discrepancies regarding 
,erbB-2 protein in other tissues could be due, at least in part, to differences in 
techniques- 

The data on c-erbB-2 activation in various non-manunary neoplasms 
should be interpreted with caution, because only small numbers of tumors have 
been studied, usually by imraunohistochemical methods using i>olyclonal anti- 
bodies. Studies using cell lines have been excluded, because cell culture can 
induce amplification and overexpression of other genes, although this has not 
' been documented for c-er2»B*-2. 

Activation of c-erbB'2 has been identified in 32 percent (64 of 203) of 
ovarian carcinomas in eight studies (Table 8). One abstract^ stated that ovarian 
carcinomas contained significantly more c-^iB-2 protein than ovarian non- 
epithelial malignancies. Another report" showed that 12 percent of ovarian 
carcinomas had c-6r&B-2 overproduction without amplification. 

Activation of o-erfeB-2 has been identified in 20 percent (40 of 198) of 
gastric adenocarcinomas in seven studies, including 33 percent (21 of 64) of 



TABLE & c^rAB-S ACTIVATION IN HUMAN GYNECOLOGIC TUMORS' 







o^6B-2 


ONarAB-2 






mRNA 


Protein 




c-0fbB-2DNA 


Ovsr^ 


Over- 


Tumor Type 


Am^flcatlan 


production 


production 


Ovary— carcinoma, not olhenvlse 


31/1208« 1/11,5^ 


23/67« 




specified 




3e/72» 










Ovary— serous (papQ)^ carcinoma 








{Ovary*->-enc!oiT]etriofd cardnoma- 








Ovary— mucinous carcinoma 


0/172 






Ovary— clear cell carcinoma 


W2,"ao^« 






Ovary— mixed epithelial carcinoma 








Ovary— endometrioid borderflne tumor 


0/172 






Ovary— mucinous borderline tumor 


0/3» 






Ovary— serous oyetadenoma 








Ovary— mucinous cysladenoma 








Ovary— sclaroslng stromal tumor 








Ovaiy— flbrotheccma 








Uterue— endometrial adenocarcinoma 


0/4,« (VI ^'0 







•Shovm as number ol cases with amplineallon (or overproducUan}/tolal number of cases studied; reference is 
given as suparsorlpL All protein studies used Immunohlstochemfcal methods. 
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intestinal or tubular subtypes and 9 percent (4 of 47) of diffuse or signet ring cell 
subtypes (Table 9). Activation o!o^rbB-2 has been detected in 2 percent (6 of 
281) of colorectal carcinomas, although an additional immunohistochenuca] 
study detected c-erbB-Z protein in seven of eight tissues fixed in Bouins solu-- 
tiour One study found greater immunohistochemical reactivity for 
protein in colonic adenomatous polyps than in the adjacent normal epithelium^ 
using Bouin's iixadve. Lesions with anaplastiic features and prt)gre$5ion to inva- 
sive carcinoma tended to show decreased immunohistnchemical reactivity for c- 
erfcB^2 protein.» Hepatocellular carcinomas (12 of 14 cases) and cholangiocaxci- 
nomas (46 of 63 cases) reacted with antibodies against c-€f iB-2 in one study, but 
some of these "positive*' cases showed only difiEusf5 cytoplasmic staining, which 

- TABLE 9. c-eriiB^2 ACTIVATCON IN HUMAN GASTROINTESTiHAL TUMORS* 

PTBtftin 





C^B-2DNA 


Over- 


Tumor Type 


AmpKflcafion 


proiruction 


Esophagus^squemous cell carcinoma 




0/1" 


Stomach—carcinoma, poorly differentlafed 


0/22^" 




Stamach— adenocarcinoma 




4/27,»3/10«» 








Stomach— carcirwma, miestlnal or tubular type 


5/10i« 


16/54»» 


Stomach— carcinoma, diffuse or signet ring cell type 


0/2108 


4/45® 


Coforectunrt— carcinoma 


2/49,« 1/46," » 


1/22,"7/8»' 








0/40«0/32,wo/3K 




Colon— villous adenoma 


o/i» 




Colon— tubulovlHous adenoma 


0/S«» 




Colon — tubular idenoma 


0/7« 




Cofon—hyperplasUo polyp 


0/1" 




Intestine— letornyosan^ma 




0/1W 


Mspatooeliularcafcbtorna — - — 


■o/ii2iir' 


12/t4?»0/i« 


Hepatoblastoma 


0/1W. 




Cholanglocarcinoma 




46/6a« 


Pancreas—adenocarcJnoma 




2/B0,«»0««i 


Pancreas— adnar carcinoma 




0/1« 


Pancreas— dear cell carcinoma 




0/2*' 


Pancreas— large cell carcinoma 




0/3« 


Pancreas— signet ring carcinoma 




o/i« 


Pancroas-^chronlc Inflammation 




0/14««' 



•Shown as number of cases with ampllJfcaUon (or overproducltanVtotaJ nam^r of caseo studJsd; reference Is 
given as superscript AD protein studies used Immunohistochemtcal methods. No studtee analyzed for e^rbB- 
2mRNA. — 



^S8U88 fixed In Bouln'e solution. 

«OnV cases with distinct membrane staining are Interpreted as showing c-er6B-2 overproduction. 
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TABtBlO. 0<rfaB-2A0T»VATIONW HUMAN WLMONARY TUMORS' 









Tumor Type 


o^B-2DNA 


PfOteln 


Ampllflcatlon 


Overproduction 


Non-small obH carcinoma 


2/60r«a/608i 


i/e4«» 


Epidermoid carcinoma 


(Viae 0/10,"' {V6» 




Adenocarcinoma 


0/21 « 1/13,w 0/7,?« Qf?,^ Oi^w 


4/12* 


Large ceOcarolnoma 






SmaJI cell carcinoma 




0/26," Q/3» 


Carcinoid tumor 


0/1« 





■Shown as mimbw of oases with ampflRoaHon (or werproductlonyiotoJ number ol casea etuAad; reference Is 
tfven 08 eupereoifpt AT protein studies used Ifmrnmohlstochemical methods. No studies analyzed for c^B* 
2 mRNA. 



does not indicate activation in breast neoplasms.* Also, some pancre- 

atic carcinomas and chronic pancreatitis tissue had cytoplasmic immuriohisto- 
chemical reactivity for o-crBB-2 protein, in addition to the rare case of pancre- 
atic adenocarcinoma with distinct cell membrane staining.^ 

Tables 10 through 14 summarize the studies of activation in other 

neoplasms. The c-er&B-2 oncogene is not activated in most of these tumors! 
Activation of c-£rfcB-2 has been detected in 1 percent (4 of 299) of pulmonary 
non-small cell carcinomas in nine studies, although one additional report^ 
found o.eriB.2 protein overproduction in 41 percent (7 of 17), Renal cell carci- 
noma had c-6ri»B-2 acti^^tiQn in 7 percent (2 ofSO) in four studies. Overproduc- 
tion of c-ertB*2 protein >*as described in one transitional cell carcinoma of the 
urinary bladder, a grade 2 p^illary lesion." Squamous cell carcinoma and basal 
cell carcinoma of the skin may contain c-0r^B-2 protein, but it Is not clear 



TABLE 11. c-6fi)B-2 ACTIVATION IN HUMAN HEMATOLOGIC PROLIFERATIONS* 







O^B-2 


o^B-2 








Protein 


Tumor IVpe 


-'CWAB-2DNA 


OveN 


Over* 


Amplification 


prdducUon 


production 


Hematologic malignancies 


0/231^' 






Malignant lymphoma 




OfV 


0/1 5« 


Acute leukemia 


0/1457 






Acute lymphoblastic leukemia 








Acute myelobta&Uo leukemia 


O/31W 






Chronic leukemia 


0/10" 






Chronic lymphocytic leukemia 








Chronic myeloganoue leukemia 








MyeloprolKeratlve disorder 









■Shown ae number ol oaaes w«h ampiincaUon (or overproducUonytoial number of eases atudied; rofenince la 
given as superscript. All protein studies used Immunohlstochemlca) methods. 
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TABLE 12. ACTiVATtOW \H HUMAN TUMORS OF SOFT TIS SUE AND BONE- 

c-erdB-2DNA 



TUmorType . Amplfflcatton 

SarDoma o/lo»)if o/s^^ 
Malignant fibrous hlsttooytoma 0/1 

Uposarcoma 0/3^^ 

Pleomorphic sarcoma o/iiw 
Rhabdomyosarcoma 

Osteogenlo sarcoma 0/2,*"' 0^ 

Chondrosarcoma 0/1^ 

Ewlng*s sarcoma 0/1 ^7 

Schwannoma 0/1^ 



■Shown as number of casos with amplification (or owrproducl]on)aotal number of cases suidled: refef^ncals 
given as supofscrlpl No atudlea analyzad (or c>e/t»8*2 mRNA or >flrfrB-2 protoln. 

whether the protein level is increased over that of normal skin.» Thyroid 
carcinomas and adenomas can have low levels of increased i>erbB-2 oiRNA. 
One abstract , described low-level c-«rfcB-2 DNA amplification in one of ten 
salivary ^and pleomorphic adenomas.^ 

Correlation of o-erbB-2 Activation With Patient Outcome 

Very few studies have attempted to correlate oerbB-Z activation in non- 
roamxnary tumors wiflj outcome. Slamon et al^' showed that c-erbB-2 amplifica^ 
tton or overexpression in ovarian carcinomas correlates with decreased survival* 
especially when marked activation is present However, they did not report the 
stage, histological grade, or histobgical subtype of these neoplasms. Another 
study of stages III and IV ovarian carcinomas found a correlation between 
decreased survival and c-erfcB-2 protein overproduction, but not between sur- 
vival and histological grade, " One abstract stated that o-erbB-2 protein overpro- 
duction in 10 of 16 pulmonary adenocarcinomas correlated with decreased 
disease-free interval.''" Another abstsiacJLdescribed^tendency for immunohisto- 



TABLE 13. c-ertbB-2 ACTIVATION IN HUMAN TUMORS OF THE URINARY TRAOT^ 







o<erbB*2 


o^r^&'2 






mRNA 


FroteJn . 




o«r<>B*2 DNA 


Over* 


Over* 


Tumor Type 


Ampllflcaiion 


production 


production 


Kidney— renal cell carcinoma 


1/5,67 1/4.107 0/5W 


O/16'M 




WItms* tumor 








Proslate^adenocardnoma 






0/23» 


Urinary bladder— carcinoma 






1/40" 



•Shown w number of caeee wllh ampllflcaiion (or ovoiprodurtbn)/«olal number of eases sbJdled; rarerence la 
given aa supefscript. All protein etudies useO liwnunohtetochemical methods. 
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TAgLEU c>ar<>B>2ACTIVATfONIN MI$CELUWEOUS HUMAN TUMORS- 



t>erbM Protein 
^ DMA MftB-2mnNA Over- 

TumorType AmplitoiHon Owrpioduotton production 



Sklr>--maHflnant melanoma 

Skin, head and neck-^squamous 0/7<^ 
cell carcinoma 

Site not stated— squamous cell — ^ 
carcinoma 

Salivary gland— adenocaitlnoma ^ _ 

Parotid gland— adenoid cystic — _ 

carcinoma ^ 

-Thyroid— anaptasBc carcinoma 0/1 < 0/1 ^ " " Z 

Thyroid— papilla^ carcinoma o^» 3((ow levete)/5i ^ 

Thyroid— cidonocardnoma 0/1** ^ _ 

Thyroid-adenoma o/2t 1(tew teve!sy«i — 

Neuroblastoma o;35,w 0^ » 0/1^ ' ^ _ 

MerUngloma 0/2*' 



•Shovm as number of cases with amplincatkin (or werproduc(Ion)/lotal numMr of eases studied' referenca b 
QJVBH as fiupofBoript All pmteln ahides U3«j Immunohtelochemloal mslhods. 

cLemical reactivity for o-erbB-2 protein to correlate with higher ^es of pros- 
tatic adenocarcinoma.^^ Additional prognostic studies rfovarian jcarcinomas and 
other neoplasms are needed. 

SUMMARY 

Activation of the c-er6B-2 oncogene can occur by amplification of c-er6B-2 
DNA and by overproduction of c-erfeB-2 mRNA and protein. Approxi- 

mately 20 percent of breast carcinomas shpsif. evidence of ^-cr&»:2 activation, 
which correlates with a poor prognosis primarily in patients with metastasis to 
axillary lymph nodes. Studies that have attempted to correlate c.erfeB-2 activa- 
tion with other prognostic factors in breast carcinoma have reported conflicting 
conclusions. The pathologic and clinical significance of c-eriB-2 activation in 
other neoplasms is unclear and should be assessed by additional studies. 
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Alexandria, VA 22313-1450 

Dear Sir: 

I, J. Christopher Grimaldi, declare and say as follows: 

1 . I am a Senior Research Associate in the Molecular Biology Department of 
Genentech, Inc., South San Francisco, CA 94080. 

2. I joined Genentech in January of 1999. From 1999 to 2003, 1 directed the Cloning 
Laboratory in the Molecular Biology Department. During this time I directed or performed 
numerous molecular biology techniques including flualitative Polymerase Chain Reaction (PCR) 
analyses. I am currently involved in, among other projects, the isolation of genes coding for 
membrane associated proteins which can be used as targets for antibody therapeutics against 
cancer. In connection with the above-identified patent application, I personally performed or 
directed the semi-quantitative PCR analyses in the assay entitled "Tumor Versus Normal 
Differential Tissue Expression Distribution" which is described in EXAMPLE 18 in the 
specification that were used to identify differences in gene expression between tumor tissue and 
their normal counterparts. 

3. My scientific Curriculum Vitae, including my list of publications, is attached to 
and forms part of this Declaration (Exhibit A). 

4. In differential gene expression studies, one looks for genes whose expression levels 
differ significantly under different conditions, for example, in normal versus diseased tissue. 
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Chromosomal aberrations, such as gene amplification, and chromosomal translocations are 
important markers of specific types of cancer and lead to the aberrant expression of specific 
genes and their encoded polypeptides, including over-expression and under-expression. For 
example, gene amplification is a process in which specific regions of a chromosome are 
duplicated, thus creating multiple copies of certain genes that normally exist as a single copy. 
Gene under-expression can occur when a gene is not transcribed into mRNA. In addition, 
chromosomal translocations occur when two different chromosomes break and are rejoined to 
each other chromosome resulting in a chimeric chromosome which displays a different expression 
pattern relative to the parent chromosomes. Amplification of certain genes such as Her2/Neu 
[Singleton et ai, Pathol. Annu. . 27Ptl: 165-190], or chromosomal translocations such as t(5;14), 
[Grimaldi eM/., Blood, 73(8):2081-2085(1989); Meeker et ai, Blood . 76(2) :285-289(l 990)] give 
cancer cells a growth or survival advantage relative to normal cells, and might also provide a 
mechanism of tumor cell resistance to chemotherapy or radiotherapy. When the chromosomal 
aberration results in the aberrant expression of a mRNA and the coiresponding gene product (the 
polypeptide), as it does in the aforementioned cases, the gene product is a promising target for 
cancer therapy, for example, by the therapeutic antibody approach. 

5. Comparison of gene expression levels in normal versus diseased tissue has 
important implications both diagnostically and therapeutically. For example, those who work in 
this field are well aware that in the vast majority of cases, when a gene is over-expressed, as 
evidenced by an increased production of mRNA, the gene product or polypeptide will also be , 
over-expressed. It is unlikely that one identifies increased mRNA expression without associated 
increased protein expression. This saine principle applies to gene under-expression. When a 
gene is under-expressed, the gene product is also likely to be under-expressed Stated in another 
way, two cell samples which have differing mRNA concentrations for a specific gene are 
expected to have correspondingly different concentration of protein for that gene. Techniques 
used to detect mRNA, such as Northern Blotting, Differential Display, in situ hybridization, 
quantitative PGR, Taqman, and more recently Microaixay technology all rely on the dogma that a 
change in mRNA will represent a similar change in protein. If this dogma did not hold true then 
these techniques would have little value and not be so widely used. The use of mRNA 
quantitation techniques have identified a seemingly endless number of genes which are 
differentially expressed in various tissues and these genes have subsequently been shown to have 
correspondingly similar changes in their protein levels. Thus, the detection of increased mRNA 
expression is expected to result in increased polypeptide expression, and the detection of 
decreased mRNA expression is expected to result in decreased polypeptide expression. The 
detection of increased or decreased polypeptide expression can be used for cancer diagnosis and 
treatment. 

6. However, even in the rare case where the protein expression does not correlate 
with the mRNA expression, this still provides significant information usefiil for cancer diagnosis 
and treatment. For example, if over- or under-expression of a gene product does not correlate 
with over- or under-expression of mRNA in certain tumor types but does so in others, then 
identification of both gene expression and protein expression enables more accurate tumor 
classification and hence better determination of suitable therapy. In addition, absence of over- or 
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under-expression of the gene product in the presence of a particular over- or under-expression of 
mRNA is crucial information for the practicing clinician. For example, if a gene is over-expressed 
but the corresponding gene product is not significantly over-expressed, the clinician accordingly 
will decide not to treat a patient with agents that target that gene product. 

7. I hereby declare that all statements made herein of my own knowledge are true and 
that all statements made on information or belief are believed to be true, and further that these 
statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 1 8 of the United States 
Code and that such willful statements may jeopardize the validity of the application or any 
patent issued thereon. 
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DECLARATION OF PAUL POLAKIS, Ph.D. 
I, Paul Polakis, Ph.D., declare and say as follows: 

1 . I was awarded a Ph.D, by the Department of Biochemistry of the Michigan 
State University in 1984. My scientific Curriculum Vitae is attached to and forms 
part of this Declaration (Exhibit A). 

2. I am currently employed by Genentech, Inc. where my job title is Staff 
Scientist Since joining Genentech in 1999, one of my primary responsibilities has 
been leading Genentech's Tumor Antigen Project, which is a large research project 
with a primary focus on identifying tumor cell markers that find use as targets for 
both the diagnosis and treatment of cancer in humans, 

3. As part of the Tumor Antigen Project, ray laboratory has been analyzing 
differential expression of various genes in tumor cells relative to normal cells. 
The purpose of this research is to identify proteins that are abundantly expressed 
on certain tumor cells and that are either (i) not expressed, or (ii) expressed at 
lower levels, on corresponding normal cells. We call such differentially expressed 
proteins "tumor antigen proteins''. When such a tumor antigen protein is 
identified, one can produce an antibody that recognizes and binds to that protein. 
Such an antibody finds use in the diagnosis of human cancer and may ultimately 
serve as an effective therapeutic in the treatment of human cancer. 

4. In the course of the research conducted by Genentech's Tumor Antigen 
Project, we have employed a variety of scientific techniques for detecting and 
studying differential gene e3q>ression in human tumor cells relative to normal cells, 
at genomic DNA, mRNA and protein levels. An important example of one such 
technique is the well known and v^dely used technique of microarray analysis 
which has proven to be extremely usefiil for the identification of mRNA molecules 
that are differentially expressed in one tissue or cell type relative to another. In the 
course of our research using microarray analysis, we have identified 
approximately 200 gene transcripts that are present in human tumor cells at 
significantly higher levels than in corresponding normal human cells. To date, we 
have generated antibodies that bind to about 30 of the tumor antigen proteins 
expressed from these differentially expressed gene transcripts and have used these 
antibodies to quantitatively determine the level of production of these tumor 
antigen proteins in both human cancer cells and corresponding normal cells. We 
have then compared the levels of mRNA and protein in both the tumor and normal 
cells analyzed. 

5. From the mRNA and protein expression analyses described in paragraph 4 
above, we have observed that there is a strong correlation between changes in the 
level of mRNA present in any particular cell type and the level of protein 



expressed from that mRNA in that cell type. In approximately 80% of our 
observations we have found that increases in the level of a particular inRNA 
correlates with changes in the level of protein expressed from that mRNA when 
human tumor cells are compared with their corresponding normal cells, 

6. Based upon my own experience accumulated in more than 20 years of 
research, including the data discussed in paragraphs 4 and 5 above and my 
knowledge of the relevant scientific literature, it is my considered scientific 
opinion that for human genes, an increased level of mRNA in a tumor cell relative 
to a normal cell typically correlates to a similar increase in abundance of the 
encoded protein in the tumor cell relative to the normal cell. In fact, it remains a 
central dogma in molecular biology that increased mRNA levels are predictive of 
corresponding increased levels of the encoded protein. While there have been 
published reports of genes for which such a correlation does not exist, it is my 
opinion that such reports are exceptions to the commonly understood general rule 
that increased mRNA levels are predictive of corresponding increased levels of the 
encoded protein. 

7. I hereby declare that all statements made herein of my own knowledge are 
true and that all statements made on information or belief are believed to be true, 
and further that these statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or imprisonment, or both, 
under Section 1001 of Title 18 of the United States Code and that such willful 
statements may jeopardize the validity of the application or any patent issued 
thereon. 
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. If these minor cell proteins differ among ceils to the same extent as the 
?moic abimdant proteins, as is commonly assumed, only a small nmnber of pro- 
^in differences (perhaps several hundred) suffice to create very large differences 
iji ceB morphology and behavior. 



A Cell Can Change the Expression of Its Genes 
in Response to External Signals ^ 

Most of the specialized cells in a multicellular organism are capable of altering 
jlieir patterns of gene e)q>ression m response to extracellular cues. If a liver cell 
iseaqposed to a glucocorticoid hormone, for example, the production of several 
specific proteins is dramaticafly increased. Glucocorticoids are released during 
periods of starvation or intense exercise and signal the liver to increase the 
producdon of glucose from amino acids and other small molecules; the set of 
proteins whose production is induced includes enzymes such as tyrosine amino- 
tianrferase, which helps to convert tyrosine to glucose. When the hormone is ho 
longerpr^s®^^* the production of these proteins drops to its normal level. 

other cell types respond to ^ucocorticoids in different ways. In fat cells, for 
example, the production of tyrosine aminotransferase is reduced, while some 
other cell types do not respond to glucocorticoids at all. These examples iflustrate 
a general feature of cell specializations-different cell types often respond hi dif- 
ferent ways to the same extracellular signal. Underlying this specialization are 
features that do not change, which give each cell type its permanently distinc- 
tive character. These features reflect the persistent expression of different sets of 
genes. 

Gene l^ression Can Be Regulated at Many of the Steps 
in the Pathway from DNA to RNA to Protem ^ 

If differences between the various ceD types of an organism depend on the par- 
ticiilar genes that the cells express, at what level is the control of gene expression 
exercised? There are many steps in the pathway leading from DNA to protein, and 
all of them can in principle be regulated. Thus a cell can control the proteins it 
makes by (1) controUing when and how offcen a given gene is transcribed (tran- 
scripdonal control). (2) controlling how the primary RNA transcript is spliced or 
otherwise processed {RNA processing control), (3) selecting which completed 
mRNAs in the cell nucleus are exported to the cytoplasm (RNA transport con- 
trol), (4) selecting which mRNAs in the cytoplasm are translated by ribosomes 
(toranslational control), (5) selectively destabilizing certain mRNA molecules in 
the cytoplasm (mRNA degradation control], or (6) selectively activating, inacti- 
vating, or compartmentalizing specific protein molecules after they have been 
made (protein activity control) (Figure 9-2). 

For most genes transcriptional controls are paramount. This makes sense 
^ecause, of all tiie possible control points illustrated in Figure 9-2, only transcrip- 
oonal control ensures that no superfluous intermediates are synthesized. In the 
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Figure 9-2 Sfac steps at which 
eucaryote gene expression can be 
controlled. Only controls that operate 
at steps 1 through 5 are discussed in 
this chapter. The regulation of protein 
activity (step 6) is discussed in 
Chapter 5; this includes reversible* 
activation or inactivation by protein 
phosphorylation as well as 
irreversible inactivation by proteolytic 
degradation. 
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foUomng sections we discuss the DNA and protein components that regulate the 
initiation of gene transcription. We return at the end of the chapter to the other 
ways of regulating gene expression. 

Summary 

The genome of a cell contains in its DNA sequence the information to make many 
thousands of different protein and RNA molecules. A cell typically expresses only d 
fraction ofits genes, and the different types ofcelis in multicellular organisms arise 
because different sets of genes are expressed Moreover, cells can change the pattern 
of genes they express in response to changes in their environment, such as signals from 
other cells. Althou^ all of the steps involved in expressing a gene can in principle be 
regulated, for most genes the initiation of RNA transcription is the most important 
point of control 



DNA-binding Motifs in Gene 
Regulatory Proteins ^ 

How does a cell determine which ofits thousands of genes to transcribe? As dis- 
cussed in Chapter 8, the transcription of each gene is controlled by a regulatoxy 
region of DNA near the site where transcription begins. Some regulatory regions 
are simple and act as switches that are thrown by a single signal. Other regula- 
tory regions are complex and act as tiny microprocessors, responding to a vari- 
ety of signals that they interpret and integrate to switch the neighboring gene on 
or ofif. Whether complex or simple, these switching devices consist of two fun- 
damental types of components: (1) short stretches of DNA of defined sequence 
and (2) gene regulatory proteins that recognize and bind to them. 

We begin our discussion of gene regulatory proteins by describing how these 
proteins were discovered. 

Geiie Regulatory Proteins Were Discovered Using 
Bacterial Genetics ^ 

Genetic analyses in bacteria carried out in the 1950s provided the first evidence 
of the existence of gene regulatory proteins that txirn specific sets of genes on 
or off. One of these regulators, the lambda repressor, is encoded by a bacterial 
virus, bacteriophage lambda The repressor shuts off the viral genes that code for 
the protein components of new virus particles and thereby enables the viral ge- 
nome to remain a silent passenger in the bacterial chromosome, multiplying with 
the bacterium when conditions are favorable for bacterial growth (see Figure 
6-80). The lambda repressor was among the first gene regulatory proteins to be 
characterized, and it remains one of the best understood, as we discuss later. 
Other bacterial regulators respond to nutritional conditions by shutting off genes 
encoding specific sets of metabolic enzymes when they are not needed. The lac 
repressor, for example, the first of these bacterial proteins to be recognized, turns 
ofT the production of the proteins responsible for lactose metabolism when this 
sugar is absent from the medium. 

The first step toward understanding gene regulation was the isolation of 
mutant strains of bacteria and bacteriophage lambda that were unable to shut 
off specific sets of genes. It was proposed at the time, and later proved, that most 
of these mutants were deficient in prot'eins acting as specific repressors for these 
sets of genes. Because these proteins, like most gene regulatory proteins, are 
present in small quantities, it was difficult and time-consuming to isolate them. 
They were eventuafiy purified by fi-actionating cell extracts on a series of stan- 
dard chromatography columns (see pp. 166-169). Once isolated, the pro- 
teins were shown to bind to specific DNA sequences close to the genes that they 
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Figure d-3 Double-helical structure 
of DNA. The major and minor grooves 
on the outside of the double helix, arc 
indicated. The atoms are colored as 
follows: carbon, dark blue; nitrogei^- 
light blue; hydrogen, white; oxygeJ'' 
red; phosphorus, yellow. 
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Figure 9-71 A mechanism to explain 
both the marlced deficiency of CG 
sequences and the presence of CG 
islands in vertebrate genomes. A 

black line marks the location of an 
umnethylated CG dinucleotide in the 
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the location of a methylated CG 
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Summary 

the many types of cells in animals and plants are created largely through mecha- 
nimts that cause different genes to be transcribed in different cells. Since many spe- 
dalized animal cells can maintain their unique character when groum in culture, the 
gene regulatory mechanisms involved in creating them must be stable orwe estab- 
lished and heritable when the cell divides, endowing the ceU with a memory of its 
developmental history. Procaryotes andyeasts provide unusually accessible model 
systems in which to study gene regulatory mechanisms, some of which may be rel- 
evant to the creation of specialized cell types in higher eucaryotes. One such mecha- 
nism involves a competitive interaction between two (or more) gene regulatory pro- 
teins, each of which inhibits the synthesis of the other; this can create aflip-flop 
switch that switches a cell between two alternative patterns of gene expression. Di- 
rector indirect positive feedback loops, which eruible gene regulatory proteins to 
perpetuate their own synthesis, provide a general mechanism for cell memory. 

In eucaryotes gene transcription is generally controlled by combinations of gene 
regulatory proteins. It is thought lhat each type ofcell in a hi^fiereucaryotic organism 
contains a specific combination of gene regulatory proteins that ensures the expres- 
sion of only those genes appropriate to that type of cell A given gene regulatory pro- 
tein may be expressed in a variety of circumstances and typically is involved in the 
regulation of many genes. 

In addition to diffusible gene regulatory proteins, inherited states of chromatin 
condensation are also utilized by eucaryotic cells to regulate gene expression. In ver- 
tebrates DNA methylatipn also plays a part, mainly as a device to reinforce decisions 
obout gene expression that are made initially by other mechanisms. 



Posttranscriptional Controls 

Altiiough controls on the initiation of gene transcription are the predominant 
^om of regulation for most genes, other controls can act later in the pathway 
from RNA to protein to modulate the ann|Ount of gene product that is made. Al- 
Jl^ough these posttranscriptionai controls, which operate after RNA polymerase 
as bound to the gene's promoter and begun RNA synthesis, are less common 
^transcriptional control, for many genes they are crucial. It seems that every 
ep in gene expression that could be controDed in principle is likely to be regu- 
aied under some circumstances for some genes. 

der ^^^.^^^^'^ varieties of posttranscriptional regulation in temporal or- 
» according to the sequence of events that might be experienced by an RNA 
o»ecule after its transcription has begun (Figure 9-72). 
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Figure 6-3 Genes can be express^ 
with different efTidendes. Gene A [% 
transcribed and translated much more 
efficiently than gene B.This allows the 
amount of protein A in the cell to be 
much greater than that of pnotefn B. 
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FROM DNATO RNA 

IVanscription and translation are the means by which ceDs read out, or express, 
the genetic instructions in their genes. Because many identical RNA copies can 
be made from the same gene, and each RNA molecule can direct the synthesis 
of many identical protein molecules, cells can synthesize a large amount of 
protein rapidly when necessary But each gene can also be transcribed and 
translated with a different efficiency, aDowing the cell to make vast quantities of 
some proteins and tiny quantities of others (Figure 6-3). Moreover, as we see in 
the next chapter, a cell can change (or regulate) the expression of each of its 
genes according to the needs of the moment— most obviously by controlling 
the production of its RNA. 

Portions of DNA Sequence Are Transcribed Into RNA 

The first step a cell takes in reading out a needed part of its genetic instructions 
is to copy a particular portion of its DNA nucleotide sequence— a gene— into an 
RNA nucleotide sequence. The information in RNA, although copied into another 
chemical form, is still written in essentially the same language as it is tn DNA — 
the language of a nucleotide sequence. Hence the name transcription. 

like DNA, RNA is a linear polymer made of four different types of nucleotide 
subunits linked together by phosphodiester bonds (Figure 6-4). It differs from 
DNA chemically in two* respects: (1) the nucleotides in RNA are 
ribonucleotides— that is, they contain the sugar ribose (hence the name ri^onu- 
deic acid) rather than deojcyribose; (2) although, like DNA, RNA contains the 
bases adenine (A), guanine (G), and cytosine (C), it contains the base tuacil (U) 
instead of the thymine (T) in DNA. Since U, like T, can base-pair by hydrogen- 
bonding with A (Figure 6-5), the complementary base-pairing properties 
described for DNA in Chapters 4 and 5 apply also to RNA (in RNA, G pairs with 
C, and A pairs with U). It is not uncommon, however, to find other types of base 
pairs in RNA: for example, G pairing with U occasionally 

Despite these smadl chemical differences, DNA and RNA differ quite dra- 
maticalty in overall structure. Whereas DNA always occurs in cells as a double- 
stranded helix, RNA is single-stranded. RNA chains therefore fold up into a 
variety of shapes, just as a polypeptide chain folds up to form the final shape of 
a protein (Figure 6-6) . As we see later in this chapter, the ability to fold into com- 
plex three-dimensional shapes allows some RNA molecules to have structural 
and catalytic functions. 
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Transcription Produces RNA Complementary to 
One Strand of DNA 

All of the RNA in a cell is made by DNA transcription, a process that has cer- 
tain similarities to the process of DNA replication discussed in Chapter 5. 
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Figure 6-89 Protein aggregates that cause human disease. (A) Schematic illustration of the type of 
conformational change in a protein that produces material for a cross»beta filament. (B) Diagram illustrating 
the self-infectious nature of the protein aggregation that is central to prion diseases. PrP Is hi^fy unusual 
because the misfolded version of the protein, called PrP*, induces the nbrmat PrP protem it contacts* to 
change its conformation, as shown. Most of the human diseases caused by protein aggregation are caused by 
the overproduction of a variant protein that is especially prone to aggregation, but because this structure Is 
not infectious In this way, it cannot spread from one animal to another. (Q Drawing of a cros$*beta filament 
a common type of protease-resistant protein aggr^te found in a varies of human neurological diseases. 
Because the hydrogen-bond interactions in a P sheet form between polypeptide backbone atoms (see Figure 
3-9), a number of different abnormally folded proteins can produce this structure. (D) One of several 
possible models for the conversion of PrP to PrP*, showing the likely change of two a-helices into four 
p-stjnands. Although the structure of the normal protein has been determined accurately, the structure of the 
infectious form is not yet known with certainty because the aggregation has prevented the use of standard 
structural techniques. (C, courtesy of Louise Serpeil, adapted from M. Sunde et al.,J. Mot BioL 273:729-739, 
1 997; D, adapted from S.B. Prusiner. Trends Brochem. SdL 21 :482-487, 1 996.) 

animals and humans. It can be dangerous to eat the tissues of animals that con- 
tain PrP*, as witnessed most recently by the spread of BSE (conmionly referred 
to as the "mad cow disease") from cattle to humans in Great Britain. 

Fortunately, in the absence of PrP*, PrP is extraordinarily difficult to convert 
to its abnormal form. Although very few proteins have the potential to misfold 
into an infectious conformation, a similar transformation has been discovered 
to be the cause of an otherwise mysterious 'protein-only inheritance** observed 
in yeast cells. 

There Are Many Steps From DNA to Protein 

We have seen so far in this chapter that many different types of chemical reac- 
tions are required to produce a properly folded protein from the information 
contained in a gene (Figure 6-90). The final level of a properly folded protein in 
a ceD therefore depends upon the efficiency with which each of the many steps 
is performed. 

Vyfe discuss in Chapter 7 that cells have the ability to change the levels of 
their proteins according to their needs. In principle, any or all of the steps in Fig- 
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Rgure 6-90 The production of a 
protein by a eucaryotic celLThe final 
level of each protein in a eucaryotic ceQ 
depends upon the effidenc/ of each step 
depicted. 



lire 6-90) could be regulated by the ceU for each individual protein. However, as 
we shall see in Chapter 7, the initiation of transcription is the most common 
point for a cell to regulate the expression of each of its genes. This makes sense, 
inasmuch as the most efficient way to keep a gene from being esqpressed is to 
block the very first step — the transcription of its DNA sequence into an RNA 
molecule. 



Summary 

The translation of the nucleotide sequence of an mRNA molecule into protein takes 
place in the cytoplasm on a large ribonucleoprotein assembly called a ribosome. The 
amino adds used for protein synthesis are first attached to a family of tRNA 
molecules, each of which recognizes, by complementary base-pair interactions, par- 
ticular sets of three nucleotides in the mRNA (codons). Thesequence of nucleotides in 
the mRNA is then read from one end to the other in sets of three according to the 
genetic code. 

To initiate translation, a small ribosomal subunit binds to the mRNA molecule 
at a start codon (AUG) that is recognized by a unique initiator tRNA molecule, A 
large ribosomal subunit binds to complete the ribosome and begin the elongation 
phase of protein synthesis. During this phase, aminoacyl tRNAs — each bearing a 
specific amino acid bind sequentially to the appropriate codon in mRNA by forming 
complementary base pairs with the tRNA anticodon. Each amino acid is added to the 
C-terminal end of the growing polypeptide by means of a cycle of three sequential 
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Figure 7-5 Six steps at which 
eucaryotic gene expression can be 
controlled* Controls that operate at 
steps I through 5 are discussed ip this 
chapter. Step 6, the regulation of protein 
actWhy, fndudes reversible activation or 
mactivation by protein phosphorylation 
(discussed in Chapter 3) as well as 
irreversible inactlvatlon by proteolytic 
degradation (discussed in Chapter 6). 



Gene Expression Can Be Regulated at Many of the Steps 
In the Pathway from DNA to RNA to Protein 

If diffCTKices among the various cell types of an organism depend on the partic- 
ular genes that the cells express, at what level is the control of gene e3q)ression 
exercised? As we saw in the last chapter, there are many steps in the pathway 
leading from DNA to protein, and all of them can in principle be regulated. Ihus 
a cell can control the proteins it mates by (1) controlling when and how often a 
given gene is transcribed (traiiscriptional control), (2) controlling how the RNA 
transcript is spliced or otherwise processed (RNA processing control), (3) 
selecting which completed mRNAs in the cell nucleus are exported to the cytosol 
and determining where in the cytosol they are localized (RNA transport and 
locallzaUon control), (4) selecting which mRNAs in the cytoplasm are translated 
by ribosomes (translational control), (5) selectively destabilizing certain mRNA 
molecules in the cytoplasm (mRNA degradation control), or (6) selectively acti- 
vating, inactivating, degradmg, or comjpartmentalizing specific protein 
molecules after they have been made (protein activity control) (Figure 7-5). 

For most genes transcriptional controls are paramount. This makes sense 
because, of all the possible control points illustrated in Figure 7-5, only tran- 
scriptional control ensures that the cell will not synthesize superfluous interme- 
diates. In the following sections we discuss the DNA and protein components 
that perform this function by regulating the initiation of gene transcription. We 
shall return at the end of the chapter to the additional ways of regulating gene 
expression. 

Summary 

The genome of a cell contains in its DNA sequence the information to make many 
thousands of different protein and RNA molecules, A cell typically expresses only a 
fraction of its genes, and the different types of cells in multicellular organisms arise 
because different sets of genes are expressed. Moreover, cells can change the pattern 
of genes they express in response to changes in their environment, such as signals 
from other cells. Although all of the steps involved in expressinga gene can in prin- 
ciple be regulated, for most genes the initiation of RNA transcription is the most 
. important point of control 



DNA-BINDING MOTIFS IN GENE REGULATORY 
PROTEINS 

How does a cell determine which of its Uiousands of genes to transcribe? As 
. mentioned briefly in Chapters 4 and 6, the transcription of each gene is con- 
ti:olled by a regulatory region of DNA relatively near the site where transcription 
begins. Some regulatory regions are simple and act as switches that are tiurown 
oy a single signal. Many otiiers are complex and act as tiny microprocessors, 
responding to a variety of signals that they interpret and integrate to switch the 
'^'^ighbormg gene on or off. Whether complex or simple, these switching devices 
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occur in the genn line, the cell lineage that gives rise to spenn or eggs. Most of 
the DNA in vertebrate genn cells is inactive and highly methylated. Over long 
periods of evolutionary time* the methylated CG sequences in these inactive . 
regions have presumably been lost through spontaneous deamination events 
that were not properly repaired. However promoters of genes that remain active 
in the germ cell lineages (including most housekeeping genes) are kept 
immethylated, and therefore spontaneous deaminations of Cs that occiir with- 
in them can be accurately repaired. Such regions are preserved in modem day 
vertebrate cells as CG islands, in addition, any mutation of a CG sequence in the 
genome that destroyed the function or regulation of a gene in the adult would be 
selected against, and some CG islands are simply the result of a higher than nor- 
mal density of critical CG sequences. 

The manunalian genome contains an estimated 20,000 CG islands. Most of 
the islands mark the 5' ends of transcription units and thus, presumably, of 
genes. The presence of CG islands often provides a conveiuent way of identify- 
ing genes in the DNA sequerices of vertebrate genomes. 

Summary 

The many types of cells in animals and plants are created largefy through mecha- 
nisms that cause different genes to he transcribed in different cells. Since marty 
specialized animal cells can maintain their unique character through many cell 
division cycles and even when grown in culture, the gene regulatory mechanisms 
iftvolved in creating them must he stable once established and heritable when the 
cell divides. These features endow the cell unth a memory of its developmental history. 
Bacteria and yeasts provide unusually accessible model systems in which to study 
gene regulatory mechanisms. One such mechanism involves a competitive interac- 
tion between two gene regulatory proteins, each of which inhibits the synthesis of the 
other; this can create a flip-flop switch that switches a cell between two alternative 
patterns of gene expression. Direct or indirect positive feedback loops, which ermble 
gene regulatory proteins to perpetuate their own synthesis, provide a general mech- 
anism for cell memory. Negative feedback loops with programmed delays form the 
basis for cellular clocks. 

In eucaryotes the transcription ofagene is generally controlled by combinations 
of gene regulatory proteins. It is thought that each type of cell in a higher eucaryotic 
organism contains a specific combination of gene regulatory proteins that ensures 
the expression of only those genes appropriate to that type of cell A given gene regu- 
latory protein may be active in a variety of circumstances arui typically is involved 
in the regulation of many genes. 

In addition to diffusible gene regulatory proteins, inherited states of chromatin 
condensation are also used by eucaryotic cells to regulate gene . expression. An espe- 
cially dramatic case is the inactivation of an entire X chromosome in female mam- 
mals. In vertebrates DNA meihylation also functions in gene regulation, being used 
mainly as a device to reinforce decisions about gene expression that are made ini- 
tially by other mechanisms. DNA methylation also urulerlies the phenomenon of 
genomic imprinting in mammals, in which the expression of a gene depends on 
whether it was inherited from the mother or the father. 



POSTTRANSCRIPTIONAL CONTROLS 

In principle, every step required for the process of gene expression could be 
controlled. Indeed, one can find examples of each type of regulation, although 
any one gene is likely to use only a few of them. Controls on the initiation of 
gene transcription are the predominant form of regulation for most genes. But 
other controls can act later in the pathway from DNA to protein to modulate 
the amount of gene product that is made. Although these posltranscriptlonal 
controls, which operate after RNA polymerase has bound to the gene's promoter 
^nd begun RNA synthesis, are less common than transcriptional control, for 
niany genes they are crucial. 
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Rgure 7-86 A mechanism to explain 
both the marlced overall deficiency 
of CG sequences and th&r clustering 
into CG islands in .vertebrate 
genomes. A black tine marks the bcation 
of a CG dinucleotj'de in the DNA 
sequence, while a red"lol[tpop** indicates 
the presence of a mediyl group on the 
CG dinudeotide. CG sequences that lie in 
regMlator/ sequences of genes that are 
transcribed in germ cells are unmethylated 
and therefore tend to be retained in 
evolution. Methylated CG sequences, on 
the opher hand» tend to be lost through 
deamination of 5-methyl C to T, unless the 
CG sequence is critical for survival. 
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CHAPTER 29 



Regulation of transcription 
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jlie plienol\-pic dilTereiices thai dislinguish the 
various kinds of c-ells in n higher eukarvole are 
largely due lo difTerences in ihe expression of 
genes that code For pniieins. ihn! is. those Iran- 
crnbed hv RNA polvmerase 11. hi prmciple. Ihe 
expression of ihese {.'cnes iniphl be re^ulaied al 
a,)V one of several stages. The concepi of Ihe 
•level of conlror implies thai gene expression 
Is nol necessarily an automatic process once it 
has begun. It could be regulated in * a gene- 
specific way at any one of several sequential 
steps. We can dlsliniiiiish <al least) five poten- 
tial control poinls. rormtng the series; 

Activation of pent- stnuiure 
i 

InitiHlion of Iranst riptitMi 
i 

Processing the tr:ins<Tipi 
i 

Transport, to oioplasm 
Translation of niHNA 

Tlie existence of the Firsl sit-p is implied by 
the discovers that genes may exis! In either of 
Iwo stnictnrni conditions, l^elative to the stale 
t>f most or the genome, -enes are Found in 
nil ^nclive" slate in the cells in which they 
are expressecl (see Chapter 27). The citange of 
Mriictiire is distinct fronj the act of iranscrip- 
lion, and indicates that the gene is nranscrib- 
able." This suggesls that acquisition of the 
^active" structure must be Ihe first step in gene 
expression. 

Transcription of a gene in the active slate is 



controlled al the slage of initiaiion, that is. by 
the iniei-action of R.\A polymerase %vi!h its pn>- 
moler. This is now becoming .susceptible lo 
analysis in the /// ri/no sysle:nis (see Chapter 
For most genes, this is a maior control 
point: probably it is the most common level of 
regulation. ' • 

There is at present no evidence for control 
al subsequent stages of transcription in eukar>*- 
otic cells, for example, via anlilerminalion 
mechanisms. 

The primaiy transcript is modified by capping 
at Ihe 5' end. and usually al.so by polyadenyla- 
lion at Ihe 3' end. Inirons must be spliced out 
from the Iranscripts of interrupted genes. The 
mature RNA must be exported from- the nucleus 
lo the cyloplaMii. Regulation of gene expression 
by selection of sequences al Ihe levef of nuclear 
RNA might involve any or all of these stages, 
but the one for which we have most evidence 
coincenis changes In splicing: .some genes are 
expre.s.sed by means of alternative splicing pal- 
terns \vho.«ie reguhdion controls the type of pro- 
tein product (see Chapter 30). 

Rnally. Ihe Irnnslalion of an mKNA in the c>to- 
plasm can be S|>ectncaily conlrolled. There is lillle 
evidence for the employment of this mechanism in 
adull sonialic cells, but it does occur in some 
enibiyonic situations, as described in Chapter 
The mechanism is presumed lo involve the block- 
ing of initiation of translation of some mRNAs by 
specific protein factors, 

BiJl having acknowledged that control of gene 
expression can occur at mulUple stages, and 
that production of RNA cannot inevitably be 
equaled with production of protein, it is clear 
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that ihe ovenvhelming maiority or regulatory 
events occur at^lhe^ Initiation of transcriplEon. 
Regulation of tissue-specific gene transcription 
Hes at the heart of eiikar>'otic differentiation; 
indeed, we see examples in Chapter 38 in 
which proteins thai regulate embr>'onic devel- 
opment prove to be Iranscriplion factors. A reg- 
ulatory transcription factor serves to provide 



common control of a large number of target 
genes, and we seek to answer two questions 
about this mode of regtilaUon: what identifies 
the common target genes to the transcription 
factor, and how is the activity of the transcrip- 
tion factor itself regulated in response to intrin- 
sic or extrinsic, signals? 

I 



Response elements identify genes under common 
regulation 



The principle that emerges from characterizing 

groups of genes under common control is that 
they- share a pi^moter element that is recognized 
by a regulatory transcription factor. Sn element 
that causes a gene to respond to such a factor 
is called a response element; examples are the 
HSE (heat shock response element), GRE 
(glucocorticoid response element), SRE (serum 
response element). 

The properties of some inducible transcription 
factors and the elements that they recognize are 
summarized in- Table 29.1. Response elements 
have the same general characteristics as 
upstream elements of promoters or enhancers. 
They contain short consensus sequences, and 
copies of the response elements found in dif- 
ferent genes are closely related, but not neces- 
sarily identical. The region bound by the factor 
extends for- a short distance on either side of 



Table 29.1 Inducible transcription factors bind to 
response elements that identify groups ol prcmoters 
or enhancers subject to cocrdinale control. 



Regulatory Agent Module Cortsensus 



Factor 



Heal shock HSE CNNGAANNTCCNNG HSTF 

GlucocorticoHl GRE TGGTACAAATGTTCT Receptor 

Phorbof ester TRE TGACTCA API 

Serum SRE CCATATTAGG SRF 



the consensus sequence. In promoters, the ele* 

ments are not present at fixed distances from 
the startpoint, but are usually <200 bp upstream 
of it. The presence of a single element usually 
is sumciem to confer the regulatory response- 
but sometimes there are multiple copies. 

Response elements may be located in p'^ 
•moters or In enhancers. Some types of elements 
are tjpically found in one rather than the other 
usually an HSE is found In a promoter* while » 
GIVE is found in an enhancer. We assume iM 
all response elements function by the S3n»f 
general principle. A gene is regulated l^X *^ 
sequence at the promoter or enhancer that 
recognized by a specific protein. The pnfl^^ 
Junctions as a transcription factor needed fi 
RNA polytnerase to initiate. Active protein ^ 
available only under conditions u)hen the^ g^ ^ 
to be expressed; its absence means that the 
moter is not activated by this particular cirf ^ 

An example of a situation in which ^ 
genes are controlled by a single factor is 
\ided by the heal shock response. This i^ ^^^^ 
mon to a wde range of prokaryotes 
eukar\'oles and involves multiple ^^'^^'^'^jjifr 
gene expression: an increase in tcmp^^^ ^^^^ 
turns off transcription of some genes, ^^^^^^i 
transcription of the heat shock S^^'^^^'^v^ 
causes changes in the translation of ''V^jr 
The control of the heat shock genes '^^^^^ ^^jd 
the differences between prokaryo^^ ^^^k 
eukaryotic modes of control. In.bacteria» ' ^\ 
sigma factor is synthesized that directs ^^^^^ 
polymerase holoenzyme to recognize 
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Abstract 

Background: Prostate stem cell antigen (PSCA) is a recently defined homologue of the Thy-l/Ly-$ family of 
gtycosylphosphatidylinositol (GPI)-anchored cell surface antigens. The purpose of the present study was to 
examine the expression status of PSCA protein and mRNA in clinical specimens of human prostate cancer (Pea) 
and to validate it as a potential molecular target for diagnosis and treatment of. Pea. 

Materials and Methods: Immunohistochemical (IHC) and /n s/ru hybridization (ISH) analyses of PSCA 
expression were simultaneously performed on paraffin-embedded sections from 20 benign prosutic hyperplasia 
(BPH), 20 prostatic intraepithelial neoplasm (PIN) and 48 prostote cancer (Pea) tissues, including 9 androgen- 
independent prostate cancers. The level of PSCA expression was semiquantitatlvely scored by assessing both the 
percentage and intensity of PSCA-positive staining cells in the specimens. Then compared PSCA expression 
between BPH, PIN and Pea tissues and analysed the correlations of PSCA expression level with pathological grade, 
clinical stage and progression to androgen-independence in Pea. 

Results: In BPH and low grade PIN. PSCA protein and mRNA staining were weak or negative and less intense 
and uniform than that seen in HGPIN and Pea. There were moderate to strong PSCA protein and mRNA 
expression in 8 of 1 1 (72.7%) HGPIN and in 40 of 48 (83.4%) Pea specimens examined by IHC and ISH analyses, 
with statistical significance compared with BPH (20%) and low grade PIN (22.2%) samples (p < 0.05. respectively). 
The expression level of PSCA increased with high Gleason grade, advanced stage and progression to androgen- 
independence (p < 0.05. respectively). In addition, IHC and ISH staining showed a high degree of correlation 
between PSCA protein and mRNA overexpression. 

Conclusions: Our data demonstrate that PSCA as a new cell surface marker is overexpressed by a majority of 
human Pea. PSCA expression correlates positively with adverse tumor characteristics, such as increasing 
pathological grade (poor cell differentiation), worsening elmical suge and androgen-independence. and 
speculatively with prosute carcinogenesis. PSCA protein overexpression results from upregulated transcription 
of PSCA mRNA. PSCA may have prognostic utility and may be a promising molecular target for diagnosis apd 
treatment of Pea. 
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Introduction 

Prostate cancer (Pea) is the second leading cause of can- 
cer-related death in American men and is becoming a 
common cancer increasing in China, Despite recently 
great progress in the diagnosis and management of local- 
ized disease, there continues to be a need for hew diagnos- 
tic markers that can accurately discriminate between 
indolent and aggressive variants of Pea. There also contin- 
ues to be a need for the identification and characterization 
of potential new therapeutic targets on Pea cells. Current 
diagnostic and therapeutic modalities for recurrent and 
metastatic Pea have been limited by a tack of specific tar- 
get antigens of Pea. 

Although a number of prostate-specific genes have been 
identified (i.e. prostate specific antigen, prostatic acid 
phosphatase, glandular kallikrein 2), the majority of these 
are secreted proteins not ideally suited for many immuno- 
logical strategies. So, the identiflcation of new cell surface 
antigens is critical to the development of new diagnostic 
and therapeutic approaches to the management of Pea. 

Reiter RE et al [1] reported the identification of prostate 
stem cell antigen (PSCA), a cell surface antigen that is pre- 
dominantly prostate specific. The PSCA gene encodes a 
123 amino acid glycoprotein, with 30% homology lo 
stem cell antigen 2 {Sea 2). Like Sca-2, PSCA also belongs 
to a member of iheThy-l/Ly-6 family and is anchored by 
a glycosylphosphatidylinositol (GPI) linkage. mRNA in 
situ hybridization (ISH) localized PSCA expression in nor- 
mal prostate to the basal cell epithelium, the putative 
stem cell compartment of prostatic epithelium, suggesting 
that PSCA may be a marker of prostate stem/progenitor 
cells. 

In order to examine the status of PSCA protein and mRNA 
expression in human Pea and validate it as a potential 
diagnostic and therapeutic target for Pea, we used immu- 
nohistoehemisiry (IHC) and in situ hybridization (ISH) 
simultaneously, and conducted PSCA protein and mRNA 
expression analyses in paraffm-embedded ussue speci- 
mens of benign prostatic hyperplasia (BPH, n = 20), pros- 
tate intraepithelial neoplasm (PIN, n = 20) and prostate 
cancer (Pea, n = 48). Furthermore, we evaluated tiie possi- 
ble correlation of PSCA expression level with Pea tumori- 
genesis, grade, stage and progression to androgen- 
independence. 

Materials and methods 

Tissue samples 

All of the clinical tissue specimens studied herein were 
obtained from 80 patients of 57-84 years old by prostate- 
ctomy, transurethral resection of prostate (TURP) or biop- 
sies. The patients were classified as 20 eases of BPH. 20 
cases of PIN, 40 cases of primary Pea, including 9 patients 



with recurrent Pea and a history of androgen ablation 
therapy (orchiectomy and/or hormonal therapy), who 
were referred to as androgen-independent prostate can- 
cers. Eight specimens were harvested from these andro- 
gen-! ndependent Pea patients prior to androgen ablation 
treatment. Each tissue sample was cut into two parts, one 
was fixed in 10% formalin for IHC and the other treated 
with 4% paraformaldehyde/0.1 M PBS PH 7.4 in 0.1% 
DEPC for 1 h for ISH analysis, and then embedded in par- 
affin. All paraffin blocks examined were then cut into 5 
^m sections and mounted on the glass slides specific for 
IHC and ISH respeaively in the usual fashion. H&E- 
stained section of each Pea was evaluated and assigned a 
Cleason score by the experienced urological pathologist at 
our institution based on the criteria of Cleason score |2). 
The Cleason sums are summarized in Table 1. Clinical 
staging was performed, according to Jewett-whitmore- 
proui staging system, as shown in Table 2. In the category 
of PIN, we graded the specimens into two groups, i.e. low 
grade PIN (grade I - II) and high grade PIN (HGPIN, 
grade III) on the basis of literatures |3,4). 

tmmunohistochemicat (IHC) analysis 
Briefly, tissue sections were deparaffinized, dehydrated, 
and subjected to microwaving in 10 mmoI/L citrate 
buffer, PH 6,0 (Boshide, Wuhan, China) in a 900 W oven 
for 5 min to induce epitope retrieval. Slides were allowed 
to cool at room temperature for 30 min. A primary mouse 
antibody specific to human PSCA (Boshide, Wuhan, 
China) with a 1 : 1 00 dilution was applied to incubate with 
the slides at room temperature for 2 h. Labeling was 
detected by sequentially adding biotinylated secondary 
antibodies and strepavidin-peroxidase, and localized 
using 3,3'-diaminobenzidine reaction. Sections were then 
counterstained with hematoxylin. Substitution of the pri- 
mary antibody with phosphate-buffered-saline (PBS) 
served as a negative-staining control. 

mRNA in situ hybridization (ISH) 

Five-pm-ihick tissue seaions were deparaffinized and 
dehydrated, then digested in pepsin solution (4 mg/ml in 
3% citric acid) for 20 min at 37.5 'C, and further proc- 
essed for ISH. Digoxigenin-labeled sense and antisense 
human PSCA RNA probes (obtained from Boshide, 
Wuhan, China) were hybridized to the sections at 48*'C 
overnight. The poslhybridization wash with a high strin- 
gency was performed sequentially at 37" C in 2 « standard 
saline citrate (SSC) for 10 min, in 0.5 x SSC for 15 min 
and in 0.2 x SSC for 30 min. The slides were then incu- 
bated to biotinylated mouse anti-digoxigenin antibody at 
37.5'*C for 1 h followed by washing in 1 x PBS for 20 min 
ai room temperature, and ihen lo strepavidin-peroxidase 
at 37.5 *C for 20 min followed by washing in 1 x PBS for 
15 min at room temperature. Subsequently, the slides 
were developed with diaminobenzidine and then coun- 
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imensic/ ^ irequency 



Gleason score 0-4 (%) 9 (%) 



2-4 5 (83) 1(17) 

5-7 19(79) 5(21) 

8-10 S(28) 13(72) 



Table 2: Correlation of PSCA expression with clinical stage 







Intensity * frequency 




Tumor stage 






9(%) 


<B 


27 (67.S) 
2(25) 




13 (32.5) 
- 6(75) 





terstained with hematoxylin to localize the hybridization 
signals. Sections hybridized with the sense control probes 
routinely did not show any specific hybridization signal 
above background. All slides were hybridized with PBS to 
substitute for the probes as a negative control. 

Scoring methods 

To determine the correlation between the results of PSCA 
immunostaining and mRNA in situ hybridization, the 
same scoring manners are taken in the present study for 
PSCA protein staining by IHC and PSCA mRNA staining 
by ISH. Each slide was read and scored by two independ- 
ently experienced urological pathologists using Olympus 
BX-41 light microscopes. The evaluation was done in a 
blinded fashion. For each section, five areas of similar 
grade were analyzed semiquantitatively for the fraction of 
cells staining. Fifty percent of specimens were randomly 
chosen and rescored to determine the degree of interob- 
server and intraobserver concordance. There was greater 
than 95% intra- and interobserver agreement. 

The intensity of PSCA expression evaluated microscopi- 
cally was graded on a scale of 0 to 3+ with 3 being the 
highest expression observed (0, no staining; 1 + . mildly 
intense; 2+, moderately intense; 3+, severely intense). The 
staining density was quantified as the percentage of ceils 
staining positive for PSCA with the primary antibody or 
hybridization probe, as follows: 0 = no staining; 1 = posi- 
tive staining in <25% of the sample; 2 positive staining 
in 25%-50% of the sample; 3 = positive staining in >50% 



of the sample. Intensity score (0 to 3+) was multiplied by 
the density score (0-3) to give an overall score of 0-9 
[1,5]. In this way, we were able to differentiate specimens 
that may have had focal areas of increased staining from 
those that had diffuse areas of increased staining [6). The 
overall score for each specimen was then categorically 
assigned to one of the following groups: 0 score, negative 
expression; 1-2 scores, weak expression; 3-6 scores, mod- 
erate expression; 9 score, strong expression. 

Statistical anatysis 

Intensity and density of PSCA protein and mRNA expres- 
sion in BPH, PIN and Pea tissues were compared using the 
Chi-square and Student's Mest. Univariate associations 
between PSCA expression and Gleason score, clinical 
stage and progression to androgen-independence were 
calculated using Fisher's Exact Test. For ail analyses, p < 
0.05 was considered statistically significant. 

Results 

PSCA expression in BPH 

In general, PSCA protein and mRNA were expressed 
weakly in individual samples of BPH. Some areas of 
prostate expressed weak levels (composite score 1-2), 
whereas other areas were completely negative (composite 
score 0). Four cases (20%) of BPH had moderate expres- 
sion of PSCA protein and mRNA (composite score 4-6) 
by IHC and ISH. In 2/20 (10%) BPH specimens, PSCA 
mRNA expression was moderate (composite score 3-6), 
but PSCA protein expression was weak (composite score 
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2) in one and negative (composite score 0) in the other. 
PSCA expression was localized to the basal and secretory 
epithelial cells, and prostatic stroma was almost negative 
staining for PSCA protein and mRNA in all cases 
examined. 

PSCA expression In PIN 

In this study, we detected weak or negative expression of 
PSCA protein and mRNA scores) in 7 of 9 (77.8%) 
low grade PIN and in 2 of 1 1 (18.2%) HGPIN, and mod- 
erate expression (3-6 scores) in the rest 2 low grade PJN 
and 5 of 1 1 (45.5%) HGPIN. One HGPIN with moderate 
PSCA mRNA expression (6 score) was found weak stain- 
ing for PSCA protein (2 score) by IHC. Strong PSCA pro- 
tein and mRNA expression (9 score) were delected in the 
remaining 3 of 11 (27.3%) HGPIN. There was a statisti- 
cally significant difference of PSCA protein and mRNA 
expression levels observed between HGPIN and BPH (p < 
0.05), but no statistical difference reached between low 
grade PIN and BPH (p > 0.05). 

PSCA expression in Pco 

In order to determine if PSCA protein and mRNA can be 
delected in prostate cancers and if PSCA expression levels 
are increased in malignant compared with benign glands. 
Forty-eight paraffin-embedded Pea specimens were ana- 
lysed by IHC and ISH. It was shown that 19 of 48 (39.6%) 
Pea samples stained very strongly for PSCA protein and 
mRNA with a score of 9 and another 21 (43.8%) speci- 
mens displayed moderate staining with scores of 4-6 (Fig- 
ure 1). In addition, 4 specimens with moderate to strong 
PSCA mRNA expression (scores of 4-9) had weak protein 
staining (a score of 2) by IHC analyses. Overall, Pea 
expressed a significandy higher level of PSCA protein and 
mRNA than any other specimen categor>' in this study (p 
< 0.05, compared with BPH and PIN respectively). The 
result demonstrates that PSCA protein and mRNA are 
ovcrexpresscd by a majority of human Pea. 

Correlation of PSCA expression with Gleason score in Pea 
Using the semi-quantitative scoring method as described 
in Materials and Methods, we compared the expression 
level of PSCA protein and mRNA with Gleason grade of 
Pea, as shown in Table 1. Prostate adenocarcinomas were 
graded by Gleason score as 2-4 scores = well-differentia- 
tion, 5-7 scores = moderate-differentiation and 8-10 
scores = poor-differentiation |7). Seventy-two percent of 
Gleason scores 8-10 prostate cancers had very strong 
staining of PSCA compared to 21% with Gleason scores 
5-7 and 17% with 2-4 respectively, demonstrating thai 
poorly differentiated Pea had significantly stronger 
expression of PSCA proiein and mRNA than moderately 
and well differentiated tumors (p < 0.05). As depicted in 
Figure 1, IHC and ISH analyses showed that PSCA protein 
and mRNA expression in several cases of poorly differen- 



tiated Pea were particularly prominent, with more intense 
and uniform staining. The results indicate that PSCA 
expression increases significantly with higher tumor grade 
in human Pea. 

Correlation of PSCA expression with clinical stage in Pea 
With regards lo PSCA expression in every stage of Pea, we 
showed the results in Table 2, Seventy-five percent of 
locally advanced and node positive cancers (i.e. C-D 
stages) expressed statistically high levels of PSCA versus 
32.5% that were organ confined (i.e. A-B stages) (p < 
0.05). The data demonstrate that- PSCA expression 
increases significantly with advanced tumor stage in 
human Pea. 

Correlation of PSCA expression with androgen^ 
independent progression of Pea 

All 9 specimens of androgen-independent prostate can- 
cers stained positive for PSCA protein and mRNA. Eight 
specimens were obtained from patients managed prior to 
androgen ablation therapy. Seven of eight (87.5%) of 
these androgen-independent prostate cancers were in the 
strongest staining category (score = 9), compared with 
three out of eight (37.5%) of patients with androgen- 
dependeni cancers (p < 0.05). The results demonstrate 
that PSCA expression increases significantly with progres- 
sion to androgen-independenee of human Pea. 

It is evident from the results above that within a majority 
of human prostate cancers the level of PSCA protein and 
mRNA expression correlates significantly with increasing 
grade, worsening stage and progression to androgen-inde- 
pendenee. 

Correlation of PSCA Immunostaining and mRNA in situ 
hybridization 

In all 88 specimens surveyed herein, we compared the 
results of PSCA IHC staining with mRNA ISH analysis. 
Positive staining areas and its intensity and density scores 
evaluated by IHC were identical to. those seen by ISH in 79 
of 88 (89.8%) specimens (18/20 BPH, 19/20 PIN and 42/ 
48 Pea respectively). Importantly, 27/27 samples with 
PSCA mRNA composite scores of 0-2, 32/36 samples 
with scores of 3-6 and 22/24 samples with a score of 9 
also had PSCA protein expression scores of 0-2, 3-6 and 
9 respectively. However, in 5 samples with PSCA mRNA 
overall scores of 3-6 and in 2 with scores of 9 there were 
less or negative PSCA protein expression (i.e. scores of 0- 
4), suggesting that this may reflect posttranscripiional 
modification of PSCA or that the epitopes recognized by 
PSCA mAb may be obscured in some cancers. The data 
demonstrate that the results of PSCA immunostaining 
were consistent with those of mRNA ISH analysis, show- 
ing a high degree of correlation between PSCA proiein 
and mRNA expression. 
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Figure I 

Representatives of PSCA IHC and l$H staining in Pea (A. IHC staining, B. ISH staining, x200 magnification). A,, B,: negative con- 
trol of IHC and ISH. PBS replacing the primary antibody (A,) and hybridization v^ith a sense PSCA probe (B,) showed no back- 
ground staining. Aj, Bj. a moderately differentiated Pea (Gleason score = 3 + 3 = 6) with moderate staining (composite score = 
6) in all malignant cells; A2: IHC shows not only cell surface but also apparent cytoplasmic suining of PSCA protein. A3, B3: a 
poorly differentiated Pea (Gleason score = 4+4 = 8) with wery strong staining {composite score = 9) in all malignant cells. 
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Discussion 

PSCA is homologous lo a group of cell surface proteins 
that mark the earliest phase of hematopoietic develop- 
ment. PSCA mRNA expression is prostate-specific in nor- 
nnal male tissues and is highly up-regulated in both 
androgen-dependem and-independent Pea xenografts 
{LAPC-4 tumors). We hypothesize that PSCA may play a 
role in Pea tumorigenesis and progression, and may serve 
as a target for Pea diagnosis and treatment. In this study, 
IHC and ISH showed that in general there were weak or 
absent PSCA protein and mRNA expression in BPH and 
lo\v grade PIN tissues. However, PSCA protein and mRNA 
are widely expressed in HGPIN, the putathre precursor of 
invasive Pea, suggesting that up-regulation of PSCA is an 
early event in prostate carcinogenesis. Recently, Reiter RE 
etal [1), using ISH analysis, reported that 97 of 118 (82%) 
HGPIN specimens stained suongly positive for PSCA 
mRNA. A very similar fmding was seen on mouse PSCA 
(mPSCA) expression in mouse HGPIN tissues by Tran C. 
P et al (81. These data suggest that PSCA may be a new 
marker associated with transformation of prostate cells 
and tumorigenesis. 

We observed that PSCA protein and mRNA are highly 
expressed in a large percentage of human prostate cancers, 
including advanced, poorly differentiated, androgen- 
independent and metastatic cases. Fluorescence-activated 
cell sorting and confocal/ immunofluoreseent studies 
demonstrated cell surface expression of PSCA protein in 
Pea cells [9], Our IHC expression analysis of PSCA shows 
not only cell surface but also apparent cytoplasmic stain- 
ing of PSCA protein in Pea specimens (Figure 1 ). One pos- 
sible explanation for this is that anti-PSCA antibody can 
recognize PSCA peptide precursors thai reside in the cyto- 
plasm. Also, it is possible that the positive staining that 
appears in the cytoplasm is actually from the overlying 
cell membrane (5]. These data seem to indicate that PSCA 
is a novel cell surface marker for human Pea. 

Our results show that elevated level of PSCA expression 
correlates with high grade (i.e, poor differentiation), 
increased tumor stage and progression lo androgen-inde- 
pendence of Pea. These findings support the original IHC 
analyses by Gu 2 et al 1 9 ], who reported thai PSCA protein 
expressed in 94% of primary Pea and the intensity of 
PSCA protein expression increased with tumor grade, 
stage and progression to androgen- independence. Our 
results also collaborate the recent work of Han KR et al 

1 10) , in which the significant association between high 
PSCA expression and adverse prognostic features such as 
high Gleason score, seminal vesicle invasion and capsular 
involvement in Pea was found. Ii is suggested that PSCA 
overexpression may be an adverse predictor for recur- 
rence, clinical progression or survival of Pea. Hara H ei al 

111) used RT-PCR detection of PSA, PSMA and PSCA in 1 



ml of peripheral blood to evaluate Pea patients with poor 
prognosis. The results showed that among 58 PCa 
patients, each PGR indicated die prognostic value in the 
hierarchy of PSCA>PSA>PSMA RT-PCR, and extraprostatic 
cases with positive PSCA PGR indicated lower disease-pro- 
gression-free survival than those with negative PSCA PGR, 
demonstrating that PSCA can be used as a prognostic fac- 
tor. Dubey P ei al |12j reported that elevated numbers of 
PSCA + cells correlate positively with the onset and devel- 
opment of prostate carcinoma over a long lime span in 
the prostates of the TRAMP and PTEN +/- models com- 
pared with its normal prostates. Taken together with our 
present findings, in which PSCA is overexpressed from 
HGPIN to almost frank carcinoma, it is reasonable and 
possible to use increased PSCA expression level or 
increased numbers of PSCA-positive cells in the prostate 
samples as a prognostic marker to predict the potential 
onset of this cancer. These data raise the possibility that 
PSCA may have diagnostic utility or clinical prognostic 
value in human Pea. 

The cause of PSCA overexpression in Pea is not known. 
One possible mechanism is that it may result from PSCA 
gene amplification. In humans, PSCA is located on chro- 
mosome 8q24.2 which is often amplified in meta- 
static and recurrent Pea and considered to indicate a poor 
prognosis 113-15]. Interestingly, PSCA is in close proxim- 
ity to the c-myc oncogene, which is amplified in >20% of 
recurrent and metastatic prostate cancers [16,17]. Reiter 
RE et al 1 18| reponed that PSCA and MYC gene copy num- 
bers were co-amplified in 25% of tumors (five out of 
twenty), demonstrating that PSCA overexpression is asso- 
ciated with PSCA and MYC coamplification in Pea. Gu Z 
et al |9l recently reponeted that in 102 specimens availa- 
ble to compare the results of PSCA immunostaining with 
their previous mRNA ISH analysis, 92 (90.2%) had iden- 
tically positive areas of PSCA protein and mRNA expres- 
sion. Taken together with our findings, in which we 
detected moderate to strong expression of PSCA protein 
and mRNA in 34 of 40 (85%) Pea specimens examined 
simultaneously by IHC and ISH analyses, it is demon- 
strated that PSCA protein and mRNA overexpressed in 
human Pea, and that the increased proiein level of PSCA 
was resulted from the upregulated transcription of its 
mRNA. 

At present, the regulation mechanisms of human PSCA 
expression and its biological function are yet to be eluci- 
dated. PSCA expression may be regulated by multiple fac- 
tors 1 18]. WatabeTet al [19] reponed that transcriptional 
control is a major component regulating PSCA expression 
levels. In addition, induction of PSCA expression may be 
regulated or mediated through cell-cell contact and pro- 
tein kinase C (PKC) |20]. Homologues of PSCA have 
diverse activities, and have themselves been involved in 
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carcinogenesis. Signalling through SCA-2 has been dem- 
onstrated to prevent apoptosis in immature thymocytes 
[21 J. Thy-1 is involved in T cell activation and transducts 
signals through src-like tyrosine kinases |22]. Ly-6 genes 
have been implicated both in tumorigenesis and in cell- 
cell adhesion {23-25 ). Cell-cell or cell-matrix interaction is 
critical for local tumor growth and spread to distal sites. 
From its restricted expression in basal cells of normal 
prostate and its homology to SCA-2, PSCA may play a role 
in stem/progenitor cell function, such as self-renewal (i.e. 
anti-apoptosis) and/or proliferation [1]. Taken together 
with the resulu in the present study, we speculate that 
PSCA may play a role in tumorigenesis and clinical pro- 
gression of Pea through affecting cell transformation and 
proliferation. From our results, it is also suggested that 
PSCA as a new cell surface antigen may have a number of 
potential uses in the diagnosis, therapy and clinical prog- 
nosis of human Pea. PSCA overexpression in prostate 
biopsies could be used to identify patients at high risk to 
develop recurrent or metastatic disease, and to discrimi- 
nate cancers from normal glands in prostatectomy sam- 
ples. Similarly, the detection of PSCA-overexpressing cells 
in bone marrow or peripheral blood may identify and pre- 
dict metastatic progression better than current assays, 
which identify only PSA-positive or PSMA-positive pros- 
tate cells. 

In summary, we have shown in this study that PSCA pro- 
tein and mRNA are maintained in expression from 
HGPIN through all stages of Pea in a majority of cases, 
which may be associated with prostate carcinogenesis and 
correlate positively with high tumor grade (poor cell dif- 
ferentiation), advanced stage and androgen-independent 
progression, PSCA protein overexpression is due to the 
upregulation of its mRNA transcription. The results sug- 
gest that PSCA may be a promising molecular marker for 
the clinical prognosis of human Pea and a valuable target 
for diagnosis and therapy of this tumor. 
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Abstract 

T>«n3toflon Mtlatlon is legulaled In response to 
iHitrtem qvandbilHy and nytogenio stimulation and Is 
coupled with ceO cq^ pioipw^n ami cen growlh^ 
SeveraJ altemtions In transfationd control occur In 
cancer. Variant mRNA sequences can alter the 

transtetional effidency of Individual nilWA molecules* 
whldi in turn play a role In cancer biology. Changes In 

tiie exprasslon w avatoblllty of components of «ie 
Iranslatlonal madUneiy and In ttie activation of 
tTBhstotion ttiTDugh slgna) transduction pathways can 
toad to more global ciianges, sucli as an increase bi 
tiie ovMH rata of protein syntiiesls and transiatlonal 
activation of tiie mRNA molecules lnv<rfyed In cell 
Srowtfi and proliferation. We re^ew the basic 
principles of transiatlonal control, the alterations 
encountered In pancer, arul selected therapies 
targeting translation Initiation to help elucidate new 
therapeutic avenues 

Introduction 

The fundamental princlfrie of molecular therap^jtlcs In can- 
cer Is to exploit the differences in gene expression between 
cancer cells and nom^ cells. With the advent of cDNA anay 
te^notogy, most efforts have concentrated on Identifying 
differences In gene expression at the level of mRNA, which 
can be attributable either to DMA ampllflcatlon or to differ- 
ences In transcription. Gene expression Is quite compncated, 
however, and is also regulated at the level of mRNA stabfllty 
mRMA translation, and protein stability. - 

The power of transiatlonal regulation has been best lecog- 
nfeed among developmental irfoioglsts, l^ecause transcription 
does notoccur In early emt»yogenesls In eukaryotes. Forex> 
ample. In Xenopus, the pefiod of transcnptlonal quiescence 
continues wrtfl ^ embiyo reaches mkfclastula traisitlon, the 
4000^1 staga Therefore, all necessaiy mRMA motecutes are 
transcribed during oogenesis end stocMled In a translatbnally 
Inactive, masked fomn. The mRNA ara transIationaDy activated 
at appropriate times during oocyte maturation, fertlilzatfon, and 



eery embiyogenesis and thus, are under strtet transfatfonal 
control. 

Translation has an estaWtehed rote In cell growth. Ba^^ 
• cally, an Increase hi jOTtefn synthesis occws as a conso- 
quence of nrftogenesis. Until recently, howev^» little was 
known about the alterations In mRNA tiaistetto 
and much la yet to be discovered about their role In the 
development and progression of cancer. Here we review the 
basic princ^Iea of translaMonal contml the alterations ^ 
countered In cancer, and setected ther^ taigeteig tr»isfei- 
tton trtftiaWn to ehiddats potenBal new theiBpeulfe 

Basic Piticiples of Transiatlonal Conht>l 
Mechanism of TranslaUon Initial 
Transtelkxi lnHiatk)n is the main step in tfansJa^^ 
Translation Irttlatlon Is a comple&c process In virtilch the b^^^ 
tRNA and the 40S and 60S ribosomai subunRs are recniiled to 
the 5' end of a mRNA molecute aid assembled by eiAaiyotic 
tran^atfon InWallon feclQiB into an 80S ribosonw 

codon of the mRNA (Fig. 1). The 5' end of eukaryotic mRNA Is 
capped, te, contains the cap stnjctuie m^GpppN (7-me»Ty|. 
guanostne^riphospho-5'-rit)onudeoslde). Most translation in 

eitoryotes occurs In a cap-dependent feshlon, y.a, the cap Is 
specfflcalV recognised by the elF4l^« whk*i b&xJs the 5* ca^ 
The elF4F transJaton InlllaHon complex Is then formed by 
assembly of elF4^ the mA heiicase'elF4A, and eIF4G, a 

scaflbWIng pro«dn that mediates the binding of the 40S 
sonrial subunft to the mRNA molecule ttwju^ inteiBctlon wf^ 
the elF3 pn^teln present on the 40S ribosome. elF4A and elF4B 

partfcipate 6i mefting the secondary stnjcture of the 5' urn of 
the mRNA. The 43S Initiation complex (40S/elF2/M^-tRIW 
GTP compte)0 scans the mRNA In a 5'-»3' dkecUon untS it 

encounters an AUG start codon. This start codon is then base, 
paired to the antioodon of Initiator tRNA, fbnning the 48$ lnl«^ 

attoncomplex The hWaHon factors are then displaced ^ 
48S complex, and the 60S ribosome joins to fbmi the 80S 
riboscHne. 

Unnke most eukaryotfc translation, translation InWalion of 
certain mRNAs, such as the plcomavlnis RNA, is cap inde- 
pendent and occurs by fritemal ribosome entiy. This mecha^ 
nism does not require e!F4E Other the 43S compJax can bind 
the inltiafion codon dtectty through Interaction with the IRES h 
the 5' UTR such as In the encephalomyocarditis vfrus, or it can 
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hWallyattachtothel _ 
scanning or tansf er. as fe the case wHh the pollcwhis (1). 

Regulation of Translation IniOatton 
TiansleHon Initiation Can be regulated by alterations In the 
TvS, Lr" P»««»*ontetl«' status of the various factors 
Key components In trenslational regulation that 
may provide potential therapeutic targets follow 
» '"^ * '^"^ translation regulation. 

IZ^ ^ abundant of the Initiation factors and Is con- 
sidered the rate-flmltlng component for initiation of cap- 
^""^^ also be Imrdved In mRNA • 
aplld^. mRNA 3' processing, and mRNA nucteocytoplas- 

^n.ST'*/? ■ ""f^" be lncr«as«li^e 
JaiMoglonal level m response to senrm or growth factors 
P).^F4E overexpresslon may causa preferential translation 
2 . r^J^"*^"'"^ excessive secondary etnicture In their 
5 ttrat are normally discriminated against by the tians- 



tatlonal nacWneiy and thus are IneHlclentty translated (4-7^ 
As examples of tWa. overexprasslon of elF4E promotes Irvl 
weased translation of vascular endotheila) grewlh feetor 
flbroWast grovirth factor-2, and 

Ph^hoiytaHon. elF4E phosphorylallon Is mediated by the 

^f^^SI^Tf^"^ Wnase^nteractlng kinase 1. which 

»«|«*«tedibythemHogen-actlv^ 

©cfracellular slgnaJ-related Idnases and the stress^cthnted 

S!«i!i"{^o*~"»'' ^ '""ogen-acavaisd pfoteb) kl- 

dertved growth factor, epklennal growth factor, insulin 
angiotensin U. src Idhase overexpr^^ion. and ^as^l 
■ !^ ** ^ Phosphoiylatton <14). The phos- 

Pbwylrtion status of e!F4E Is usually con«laled with the 
ttw*rtIonal rale and growth status of the oeH; however; 
elF4E phosphorytoHon has also been observed to fBspons^ 
to some celluJar stresses when transteMonal rates achiallv 
Thus, further study is needed to understand 
the effects of eiF4E phosphorylation on elF4E acth% 

Anottwr mechanism of regulation Is the alteration of elF4E 
avaHablWy by the binding of elF4E to the elF4&bIndlng prt>- 

SS^^tS^'I'.!^ '^'^ ^ ^^B"^ compete With 

eiF4Gfbrablndln9 site In elF4E. The binding of elF4e to the 
best characterized elF4e-btndlng protein. 4E-BM. is regu- 

w^i^^.l'*^"'^'^ Hypophosphorylaled 4E- 
BP1 binds to elF4tvwherBas4Efll>i hyperphosphoiylation 
decTMses this binding. Insulin, angiotensin. epWermal 
growth factor, platelet-derived growth factor, hepatocyte 
growm factor, nerve growth factor. InsuIln-IIke growth factors 
I and II. Interieuldn 3. urariulocyte-macrophage colony-stlm- 
utetingfactor + steelfactor. gastrin, and the adenovirus have 
all been reported to induce phosphorylation of 4E-BP1 and 
to decrease the abHIfy of 4E-BP1 to bind elF4E {15. ie> 
CowwseV. deprtvalton of nutrients or growth factors rosute 
m 4E-BP1 dephosphorylaOon. an Nicrease in elF4E binding 
and a decrease In cap-dependent translattoa 
o/Z^^j*"^ P'«»Ph«y»a«onofrib08omal40Sprateln 
^ '""P***^ ''*^'"<WKlallonal 
regutetion. S6K -/- mouse ernbryonic cells proliferate more 
slowly than do parental cells, demonstrating that S6K has a 
positive Influence on eel prollferttion (1 7). S6K tegul^es the 
translatton of a group of mlVMs possessing a 5' lenninal 
o"*Wnmldlne tracts* TOP) found at fte 5' IJTR of ribosomal 
protein mfWAs and other mRNAs coding for components of 
Hie transiational macMnety. Phosphorylalon of S6K is regu- 
lated In part based on the avaDabllily of nutrients (18. 19)andis 

sttmulaled by several growth factors, su* as platelet-dertved 
growth factor and InsuDn-Ote growth factor I {20). 

elR2a Phosphorylation. The binding of the Initiator tRNA 
to the small ribosomai unit is mediated by translation Initia- 
tion factor eiF2. Phosphorylation of the o-subunit of elF2 
prevents fonnatlon of the elR2A3TP/Met-tRNA complax and 
•t*ibits gtobd protein synthesis (81, 22). eF2« Is phospho- 
rylated under a variety of conditions, such as viral infection 
nutrient deprivation, heme deprivation, and apoptosis (22) 
elF2a is phoqjhorylaled by heme^egulated tnWbllor, nutrient- 
regulMed protein idnase. and the IFN-induoed. double- 
stranded RNA-activated protein idnase (PKa* Ref. 23) 
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11» inTOR signaling Pattiw^. T»w mac^^ 

Wbils dgnal liansd tjctlon pathways Involved in T^jeO actlva- 
tau The rapamydn^nsttlve component of these pathways 
te mTOR (also called TOV' or RAFn). 
rnalfenhomotogue of the yeast TOR proteins that reguJaleQ, 
^t^HBsslon and transfallon In response to nutrient ovaRabH- 
^ (24^ mTOR Is a serine^hreonlne idnase that modulates 
taretejlonl^^ 

4&BP1 and S8K (Fig. 2: Ref. 25). 
4&BP1 b phosptayteled on muWple residues. mTDR pho&- 

phwybtes the Thr-07 and Thr-46 reskiues of Jh vft^ 
<3^hcwBver.phosi)horyl^ 

virfft a loss of ell^ binding. Phosphor^ 

uooH:temilnaJ/eefunh^^ 

phosphorylation evente appears to l)e needed to 

psa^WSKI pathw^, and pfotein Idnase Ccr also play a rete ^ 
phosphofylatfon (27-29). 

S6Kand4E-BPi are also regulated. In part, by PI3K and Hs 
downstream protein kinase Akt PTEN Is a phosphatase ttiat 
negatfveV regulates PI3K signaling. PTEN nuD cells have 
constltuttvely active of Akt, with ^creased S6K activity and 
SB phosphorylation {30). S6K activity Is Inhibited both by 
PI3K Inhibitors wortmannin and LY294002 and by mTOR 
Inhibitor rapamycin C24). Akt phosphorylates Ser-2448 In 
mTOR ih vftro, and this site Is phosphorylated upon Akt 
activation in ^vo (31-^). Thus. mTOR Is regulated the 
PI3K/Akt pathway; however, this does rk>t appear to be the 
only mode of regulation of mTOR aclivfty. Whether the PI3K 
pathway also regulates S6K and 4E-BP1 phosphorylatfon 
Independent of mTOR Is oontioverelal. 

Interestingly, mTOR aiitophosphorylation is blocked by wort- 

rnannin but not by rapamycin (34). This seemfrig InoonsIstenCT 
suggests that mTOR-responslve regulation of 4E-BP1 and S6K 
activity occurs ttirough a mechanism ottier tfian Inlrinskj mTOR 
Wnase activity. An alternate pattiwBylbr4E-BP1 and S6K phos- 
phorylation by mTOR activity is by tiie Inhibition of a phospha- 
lasa Treatment wtth calyculln A, an Inhibitor of phosphatases 1 
and 2A, reduces lapamydn-lnduced dephosphorytation of 4E- 
BP1 and S6K by rapamycin (35). PP2A Interacts witii full^ngtti 
S6K but not witi) a S6K mutant tiiat Is resistant to dephospho- 
rylation resulting from rapamyda mTOR phosphorylates PP2A 
b vitro; however, how ttrls process alters PP2A activity Is not 

known. These results are consistent vwitii tiie model tiiat phos- 
phorylation of a phosphatase by mTOR prevents dephospho- 
rylation of 4MP1 and S6K. and conversely, tiiat nutrient dep- 
rf^n and rapamycin block inhibition of tfie phosphatase by 

Polyadenylation. The poIy(A) tall In eukaryotic mRNA Is 
important In enhancing translation Initlatkm and mRNA sta- 
bility. Polyadenylation plays a key role In regulating gene 
OJcpresslon during oogenesis and early embryogenesls. 
Some mRNA that are translatlonally Inactive In the oocyte are 
poiyadenylated concomitantiy with translational activation In 
oocyte mahiration, whereas other mRNAs that are transla- 
tlonally active during oogenesis are deadenylated and trans- 
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tettonally silenced (36^). Thus, control of poly(A) tan syn- 
tti^ Is an important regulatory step In gene expression 
The 5' cap and po!y(A) tafl are thought to function synergls- 
flcally to regulate mRNA tBnslational efficiency (39, 401 

RNA Packaging. Most RNA-blndIng proteins are assern* 
bled on a transcript at tiie time of transcription, thus deter- 
mining tiie translational fate of ttie transcript (41). A highly 
consented family of Y-box proteins found in cytoplasmtc 
messenger ribonucleoprotein partteles, where the proteins 
are mought to play a role In restricting the recniitment of 
mRNA to the translational machinery (41-43). Tbo malor 
mRhMV-assoclated protein, YB-1, destabilizes tiie Interaction 
^elF4E and the 5' mRNA cap /n wtfo. and overwcpresslon of 
results In translational repression in vivo (44). Thus, 
alterations In RNA packaging can also play an Important role 
In translational regulation. 

Translation Alterations Encountered in Cancer 

Three main alteratfens at tiie translational level occur \n cancer 
variations In mRNA sequences ttiat Inoease or deoBase trans- 
lationaJ efftelency, changes In ttie expresston or avallabDIty of 
components of tfie translatkmal machinery, and activation of 
trarelatton tiwough abenantiy activated signal transduction 

pattiways. The first atteratton affects tiie translation of an Indl- 
vWua! mRNA ttiat may play a role in carcinogenesis. The sec- 
ond and ttilrd alterations can lead to more global changes, such 

as an Increase In ttie overaB rate of protein synttiesis, and tile 
translational activation of several mRNA spedes. 

Variations in mRHA Sequence 

Variations in mRNA sequence affect tiie translational e«l- 

clency of the transcript. A brief description of tiieso variations 
and examples of each mechanism follow. 

Mutations. Mutations in the mRNA sequence, especially 
m ttie 5' UTR. can alter Its trenslattonal efficiency, as seen In 
the following examples. 



fafrtMtonWaaapiiliiCBnotr 



Chnya «t8|. propoised that transiaBon of 
w>iKC Is fBpressed, whereas In sewerd BuiWtt 
ftatlave*feaonsof thenfllWS' UTI^l^^ 
b njTO epstert (4e}, Mew 

5 u«B<rf<>fioic contains an WES, and friBc-niyct^^ 
tkm can be biWated by a caiHndependenl as weD as a 
cap^tependent mechanism (49. 47). In patlenls with 
mjreloina. a C-*T mutation In the o-nvc IRES was Mentifled 

(«) aiKtfound to cause an enhanced WtiaBon of iianslalloft 
m bitemal libospmal entry (4S). 

BRCA1. Aeomalte point mulirtlon (117 Q-»Q in position 

In a hlg% aggressh^o sporadic breast cancer 
Chhncrtc constructe consisting of t^ 

sntMf 5' mn and a dovmslream hidferase rwJrter dem- 

w^raiedadecrBasehthelranstallonaJemctencywIlhlheS' 
uTh mulEition. - 

Q*»»-«'W»tfeirt#<toasejWffl>Jipr24. Some biherited 
melanoma Wndreds have a Q->T transwerslon at base -34 
« eydhKtepenctert Mnase lnWbitor-2^ whk^ 
2|WIHtej3endent kinase 4/cycnnKf ependenl kinase 6 kinase 
inhHjBor important In G, checkpoint reguiaUon (51). This 
mutaUon^glves rise to a novel AUG translation InRlstfon 
codon. creating an upstream op«i readlna trame that com- 
• petes for scanning rn>psomes and decreases tiansMion 
nom the wild-type AUa 

AHernale SpBdnip and Mtemata Transcription Start 
saea^eraflons b spBdng and altemalo transcefpBon sites 
can lead to varWIons in 5' UIR sequence, tengtti. and sdbond- 
ary slnicture. ufflmalely bnpacling translafional eflictenqr. 

TlioATMgenehasfournonoocfingexonstoilay 
UTR that undergo extensive alemaivo ^Bdng (5a. Tlie 
contents of 12 different S' UTPs thai show consMenible 

wverBlty h length and sequence have been Wenlllled. These 
dnrergwit 5' leader sequences play an important role In the 
«ransla«onal regulation of the ATM gene. 

iw*n. In a subset of tumors, overaKpresskm of the onco- 
proteh mdm2 results In enhanced translation of the mdm2 
mRNA. Use of different promotars leads to two mdm2 tian- 
sav>ts that differ only in their 5' ieadeis (53). The longer 5' 
ITO contains two upstream open reading frames, and this 
mRNA Is loaded with ribosomes InefRdentiy compared with 
the short 5' OTR. 

BItCAI. in a normal mammary gland. BRCA1 mRNA Is 
expiesaea with a shorter leader sequence (5'UTRsi. wrhereas 
in sporadic breast cancer tissue, BRCA1 mRNA is expressed 
vwtt) a longer leader sequence (5' UTRb); the tranelatlonal 
enwency of transcripts contaMng 5' UTRb Is 10 times lower 
than that of transcnpts containing 5' UTWa (54). 

TGF-fi3.. 7GF-fi3 mRNA indudes a 1.1-kb 5' UTR, whteh 
acerts an Inhibitoiy effect on translation. Many human breast 
oaiwer oeB fines contain a novel 7t3F-(B3 transcript vrith a 5' 
UTR that is 870 nucleotWes shorter and has a 7-fold greater 
transteUonal efBdency than the nonnal 7I3P-/J3 mRNA (55) 
Alternate PotyadenylaHon Sites. Multipie polyadenyl- 
atton s^nais leading to the generetton of several transcripts 
with differing 3' UTR have been described for several mRNA 
^dra. such as the RST proto-onoogene (56). A77W gene 
(62). tissue inhibitor of metalloprotelnases-3 (57), RHOA 



PJ««Mjnco8en© and calmodulbH {5^. Atthough tha 

e«Bct of these aRemata a* UlRs on translation is not yet 
they may be important m RNA-proteln interactions 

that affect tiaislalldnal reouHment; The lote of these alter-, 
aflons In cancer development and progression is unknowrt. 

5*Ma»«f» to tfco Ca«!pcme«te of tf» 
Translation Machbiwy 

A«wa«ons In the components of twslirtl^ 
t^manyforms. ' 

0»erexpressslon of elF4E. Ovefexpresstan of elRB 

causes maBgnant transfara«ton In ro<tert cete (KB and the 
der^IaHon of HeU oeB gnwvth (81). Pohmovsky etaL (BZ% 

that «F4e oveiBKpresston subsitlutes for se^ 



survlvaJ signaling. —.-.-r^and 
Elevated levels of eiF4E mRNA have been fbimd in a broad 
spectrum of transfttmed ceB ibies (6^ elF4E levels ai« 
elevated In all diitol carcinoma In situ specimens and Inva- 
sive ductal carclnoraas. compared vrflh benign breast spec- 
hnens evaluated with Western blot analysis (64, 65). Prellnr- 



to gene ampSficallon ^ 

Tlhere are accumtialhg data suggesthg that elF4E ow^^ 
presston can be valuabte as a prognostte maiter. elF4E over. 
ex}»Bs^on vras found h a retro^)ecBve8tudy tobe amarterof 
pw^ognosb In stages I to IB breast carcinoma (W^ 

flon of the prognosBc value of elF4E In breast cancer Is now 
wid» «^ in a prosppcBve trial (67). Howerer. In a dl^^ 
study. eIRE eqxesslon was correlated wHh the aggressive 
behawiw of non4todgWn's lymphomas (B8). In a proa^^ 
analysis of paJfenls vrfth Iwad and neck cancer, devated levels 
of eIRE In hlstotoglcally tumor-free suiglcal margins predicted 
a sIgnHkantV inoeased risk of kxa^^Bgtonal recuirenco (M 
Th«e resuBs aB suggest that eli^tt overaxpresston can be 
used to select paBentewho might bene» from more aggress!^ 
«y'*mks*eiBpy.Rrthemwre. the head and neck cancwdato 

suggest that eIRE overocpressten fa a field defect and can be 
used to guide kxal therapy. 

Atteratlons in Other InWaUon Factors. Alterations In a 
number of other Initiation factors have been associated with 
cancer. Overproduction of eF4Q, simBar to elF4E. leads to 
. malignant transfomnation In vflro (69). elF-2a Is found In 

ncreased levels In bronchloloalveolar carcinomas of the luno 
^MnWaMon factor elF^AI is overexpressed m melanoma 
(70) and hepatocellular carcinoma (71). The p40 subunit of 
teanslatlon initiation factor 3 Is amplified and overexpressed 

n breast and prostate cancer(72), and the elF3-p1 10 subunft 
Is ofverexpressed In testicular seminoma (73). The role that 
overexpresslon of these InlUatton factors plays on the devel- 
ojmient and progression of cancer, » any. Is not known. 

Overexpresslon of S6K. S6K Is ampltfled and highly 
overexpressed In the MCF7 breast cancer cell One, <»m- 

pared with nomial mammary epithelium (74). in a study by 
Barlund et a/. (74). S6K was amplified in 59 of 668 primary 
breast tumors, and a statisticaliy significant association was 
observed between amplKteathm and poor prognosis. 
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Overexpresslon of PAP. PAP catalyzes 3' p6fy W syn- 
thesis. PAP te cveroxpressed in humoi canc^ cells com- 
parwJ with noinial and vfcaliy translbimed celte pr^ PAP 
enzymalteactlW^y fa 

PAP protein teveb (ZQand, fanfmrranarytwrw 
fowid to bo an Independert factor for predld^ 
Uttleb known, however, about hew PAP oxpmsston orao- 
thnty affects thatranatational profile. 

iterations in RHArUridlngPraiefaSL Even less Is known 
about d temltons in F)NA padoglng In cancer, fncresded ex- 
presBton and nuclear k)caBzatlon of ttie Rhl^^ 
YB-1 are IrKficatora ol a poor prognosis for breia^ canc6r (77), 
non-smaB Ii0^ carfcer (7^ and ov^ cancer 
ever, this Effect rnay be mediated at least fa part «A the 
tiansa^iflon, because Y&-1 increases chennoiBsistanoe by en- 
hanchg the transcripihsn of a mulfidrug 



Activation of Signal Transduction Pamways 
Acflwaiion of s^na! trwisAiclIon pattiways by fass of tumor 
suppressor series or overexpresslon of certain tyro^TO 
can coTtribute to the growm and aggressiveness of turner 
Importanl^mutant fa human cancels Is the tumor stq^pressor 

genePrav, whteh leads to the acllvaBon of the PI3K/Akt pa^ 
way. ActivatkMi of PI3K and AkI Induces the oncogenic tiaris- 

show constitulh/8 phosphoiylalton of S6K and of (M^^ 
A mutant AW that netefas Wnase actMty but does not phos- 
phorylateS6Kor4&BP1 does not tnansfbmiftoroblasls, which 
suggests a connelalkm between the oncogenteay of PI3K and 
AW ajKl the ptxjsphorylatlon of S6K and 4E-BP1 (B1^ 

Several tyrosine kinases such as platelet-derhred growth 
factor. Insulln-Gke growth factor, HER2/neu, and epWennal 
grovirtfi factor neceptor are overe>q)ressed In cancer. Be- 
cause these kinases acttvaie dovmstream signal tmnsduc- 
tton pathways knowm to alter translatfon Initiation. acUvatton 
of translalton Is likely to contribute to the growth and aggres- 
siveness of these tumors. Furthennoie, the mRNA for mary 
of these kfaases themselves are under tronslational control 
For example. HER2/neu mRNA is translationally controHed 
both by a short upsbeam open reading frame that represses 
HER2^neu translation fa a ceO type-Independent manner and 
by a distinct cell type-dependent mechanism thai facreases 
translatlonaJ efficiency (82). HER2/neu translation Is different 
fa transformed and nonral cells. Thus, it Is possible that 
atteraBons at the translatlonal level can fa part account for 
the discrepancy between Hm2/neu gene amplHk^tlon de- 
tected by fluorescencefasftu hybridizatton and prolefa levels 
delected by Immunohlstochemlcal assays. 



Translation Targets of Selected Cancer Therapy 

Components of the translation machinery and signal path- 
ways Involved In the activation of transtatton faitlatton r^jre- 
sent good targets for cancer therapy. 

Tajotlng the mTOR Signaling PaUiway: Rapanwcin 
ano Tumsiatln 

Rapamycin Inhibits the proliferation of lymphocytes. It was 
Initially developed as an Immunosuppressive dmg for organ 



*rans|rfantatton. Rapamydn with ¥KSP 12 (FK506-bfadlno 
|»ot^ M, 12,(X)0) bfads to mTOR to inhibftits functfan. 

Rapamy^*)cmJsesasmallbul8^^lfteant rediJctionfathG 
lt«lalkmrateofprot^^mthesls|Bg). ft Weeks ce^ 
part by bkx*fng S8 phosphorybtion and eelecUvely suf^- 

pressfag the transIaBoncrfS'TOPmRNAs, such asribosc»nal- 
protefas» and etongatlon factom Rapernycfa also 

btecks4E-BP1 phosphorylatkOTandlnhlltocap^tepehdfent 
but not cap-independent translatton (1 7, SB). 

The r^pamydn-sensltive signal transductk»i pathw^, acti- 
vated dirfag rnallgnant transfonrnafion and cancer piogri^^ 
b 'wwb^ studied as atageffbr cancer therapy ^ 
tat^ breast, srnaBceD lung, 9Bobbstoma,metenonia,andT^cefl 
leukenda are among the cancer Bnes most sensitive to the 
rapamycfa anatogue CC*-779 (WyeJh-Ayerst Research; Ref. 
87). fa rhabdomyoDsarcorna ce8 am, rapamycfa is either cyto^ 
state or cytoddal, depencflng on the p53 status of the ceft p53 
wik^type cells treated with raparnycfa arrest fa the G| phase 
and nrialntafa their, viabllily, wheieas p53 rmit3ito^ 

latelnG, and undergo apoptosb pa, 89). fa aieoenay reported 
study usfag human prMtfve neuroectoderm^ tumor and 
meduHoblastoma models, rapamydn exhtofted more cytotox- 
ic fa comt4natfc>n with dsplatfa and camptothecfa than as a 
sli^le agerit fa vte, ca-779 delayed growm of xwK)gra^ 

160% afterl week of therapy and 240% afler2 weeks. Adnglo 
high-dose admMstratfan caused a 37% decrease fa tumor 
votuina Growth Ir^rfbftton *r yiw 

clsi^ fa combfaatfon with 00-779 than with dspiatln ato^ 
0C}. Thus, precflnlca! studies siqjgest tfiat rapamydn ana- 
togues are useful as sfagJe s^ients and fa comtrfnalton with 
dremofaerapy. 

Rapan^n analogues CCI-779 and RAD001 (Novartis, 
Basel. Switzerland) are now In clfateal trials. Because of the 
known effect oif rapamydn on lymphocyte proHferatkjn, a 
potential prc^lem with rapamydn analogues is Immunosup- 
pressfan. However, although protonged fawnunosuppresskm 
can result from rajsamydn and CCI-779 administered on 
continuous-dose schedules, ttie Immunosuppressive effects 
of rapamydn analogues resolve fa -24 h after therapy 
(91). The prindpal toxIdtJes of CCI-779 have Induded der- 
matologlcal toxtelty. myelosuppresston. Infectton, mucositis, 
diarrhea, reversible elevations In liver funcUon tests, hyper- 
glycemia, hypokalemia, hypocalcemia, and depression (87 
92-94). Phase II trials of OCI-779 have been conducted in 
advanced renal cell cardnoma and fa stage !il/iv breast 
carsfaoma patients who failed with prior chemotherapy, fa 
the results reported fa abstract form, although there were no 
complete responses, partial responses were documented fa 
both renal cell cardnoma and fa tweast cardnoma 04, 95). 
Thus, CCI-779 has documented preliminary cllnfaal activity fa 
a prevfausly treated, unselected patient populatfan. 

Active favestigatlon Is underway fato patient selectton for 
mTOR InhlbitorB. Several studies have found an enharxjed 
efficacy of CCI-779 In PTEN-null tumors po. 98). Another 
study found that six of eight breast cancer cell lines were 
responsive to CCI-779, although only two of these lines 
lacked PTEN (97) There was. however, a positive correlation 
between Akt activation and CCI-779 sensitivity (97). This 
correlatkm suggests that activation of the PI3K-Akt pathway. 
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regar(fl©S3 <rf whsmer ft te attrtoulabte to a PTCN nn^^ 
to overexpresskjn of receptor ty^ Wnases, makes caiv- 
cer ceil amenable to mTORKiftwted ther^. In contiBSt, 
lovi^ levels of the target of mTOa 4&BP1, am ceso^ 
with rapamydn leslslance: thua, a lower 4E-BP1/elF4E raHo 
may predtel r^jamycln restetanca 

Anotti^ nfX)de of acth% for rapamyd^ 
appeara to 1)0 through lnhlbllfc»n of anglogeneste. Tto 
Ity may be both through direct frihlbUfpn of ^othelial cen 
piolif&ailon as a rssuh of m 

InWbftfon of translatlon of such proanglogente fectors as 
vasojlar endothelial growth factor In 

The angbgene^ Inhibitor tumstatin, another antJcancer 
dnig cunently und^ study, was also found recently to Inhibit 
translation in wxlotheflal coBs (101). Throi^h a iBqidslta Irv 
tomcllon with Inte^^ tumstato) Inhibits activation of tha 
PI3K/AW pathway and mTOR In WKtotheHal ceils and pro- 
vents dissociation of elF4E from ther^ friMbRbig 
cap-d^penderi translation. These findings euggest that en- 
dothelial oellB are espedally sensitive to theraj^ targeting 
the mTOR^Ignaling pathway. 



Targe&j^ elF2a: EPA, dofrimamie, mda-T, 
dndRavonokis 

EPA Is an n-3 polyunsaturated fatty acid foimd h the fish- 
based diets of populations having a low Incidence of cancer 
(102). EPA Inhibits the pn^eratlon of cancer cells (103), as 
wen as In animal models (104. 10q. It blocks cell division by 
inhlblllng translation inftialion (1 05). EPA releases Ca** fttMn 
Intraceltular mres whfle Inhibiting their refining, thereby ac- 
tivating PKR. PKR. in turn phosphorylates and inhilMts elF2a. 
resulting In the biWbWon of prot^ synthesis at the level of 
translation Wtlatlon. Shnnariy, clotrimazolo, a potent aritipro- 
liferatlve agent fr> Wfro and In vivo. Inhibits cefi grov4h through 
depletion of Ca^^ stores, activation of PKR, and phospho- 
rylation of eIF2a (106). Consequently, clotrlmazote preferen- 
tially decreases the ^ression of cycDns A, E, and D1, 
resuftlng In blockage of the cell cycle In G,. 

mda-7 Is a novel tumor suppressor gene being developed 
as a gene therapy agent. Adenoviral transfer of mda-T (Ad- 
mdaT) Induces apoptosis In many cancer cells Including 
breast, colorectal^ and lung cancer (107-109). Ad-mda7 also 
Induces and activates PKR, which leads to phosphorylation 
of elF2a and induction of apoptosis (110). 

FlavonokJs such as genlstein and quercetln suppress tu- 
mor ceH growth. Ail three manvnalian elF2o kinases, PKR, 
hemo-TBgulated Inhibitor, and PERK/PEK. are acth/ated by 
flavonokls, with phosfrfiorylatfon of €lF2a and Inhitrftton of 
protein synthesis (111). 



Targeting elF4A and elF4B: Antisense RNA 
and Peptides 

Antisense expression of eIF4A decreases the proliferation rate 
of melanoma cells (1 1 2). Sequestralton <rf eIRE by over^xpres- 
sfon of 4^BP1 Is proapoptotic and decreases tumorlgenlcfty 
(113, 114). Reduction of elF4E with antisense RNA deaeases 
soft agar growth, Increases tumor latency, and Increases ttie 
rates of tumor doubling times (7). Antisense elF4E RNA treat- 



ment ateo reduces tt» expiesdon of angtogenfe factora (11 a 

andhasbeenproposedasapolenBaladluvarttherapyfprheacI 

and neck cancer^ partfcutertyvirtiencteyatedelF4Ebft^ In 

awtfcal maitfns. SmaB moteaie frWbifew 

4&BP1-blndlr^ dom^ of elF4e are proapof^ {11Q ancf 

are also belTKi actively pursued. 



Exploiting Sefecth^e Dransfatkm for Gene Thmpf 

A diOeranl theiapeutte approach that takes advarrtage of tl^ 

enhanced cap-dependent translation In cancer c^ Is the use 
bf gene therapy vectors encod&ig sUckie genes with Mghly 

stmc^jrod 5' irrRlhese inRNAvvouklthus be ^ 
disadvantage h normal cete and not translalo wed, whereas In 
cancer ceSs, they wouW tranBtetemoreefikrfefitly, Rjraxanple 
lheinlro(ftjc«Dnofthe5'im)ofl3)iDblastgi0^ 
the coding sequence of /)efpessfripfexvfri/sf>^ tftyn^k&je 
Aftase gene^ alkws «or selecttvB trandation of /wipes 5^ 
virus fype-l ihyrMlne Idnase gene In breast cancer ceQ Bnes 
compared with nonnal manwwiy ceS Bnes and vesufts in se- 
lective eensfftnly to ganctetovftr (117). 



Toward the Future 

Translatk»i Is a crudal process in every cdl. However^ several 
alterafions In transiafional opnlrol occur h caricer. Cancer ceOs 

appear to need an aberrantly activated tianslatkmd state fbr 
survfvd, thus altowing the targeting 
surprisingly tow tojdclfy. Components of the transl^tonal ma- 
Mn&y, su<^ as elF4E, and signal transcfeiction pathways frv 
volved In translation Initiation, such mTOa r^Mesem prorn^^ 
targ^ for cancer therapy. Inhibitors of the mTOR have already 
shown sc»me preliminary activity in clinks trials. It possble 
that with ttie development of better predictive martors and 
better patient selectton, response rates to sln^e-agent therapy 
can be bnproved. SIntflar to other cytostatic agoirts. however, 
mTOR InhlWtOfs are most likely to achieve cOnteal utiKy iri 
comblnaBon therapy. In the Interim, our Increasing undereland- 
\s\9 of tansteflon InttJatkm and signal transductton pathways 

promise to lead to the IdenHflcatton of new therapeutte targets 
In the near future. 
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Bacterial lipopolysaccharide (UPS) evokes several 
functional responses in the neutrophil that contribute 
to innate immunity. Although certain responses, such as 
adhesion and synthesis of tumor necrosis factor-a^ are 
inhibited by pretreatment with an inhibitor of p38 mi- 
togen-activated protein kinase, others, such as actin as- 
sembly, are unaffected* The aim of the present study was 
to investigate the changes in neutrophil gene transcrip- 
tion and protein expression following lipopolysaccha- 
ride exposure and to establish their dependence on i>38 
signaling. Microarray analysis indicated expression of 
13% of the 7070 Affjonetrix gene set in nonstimulated 
neutrophils, and LPS up-regulation of 100 distinct 
genes, including cytokines and chemoMnes, signaling 
molecules, and regulators of transcription. Proteomic 
analysis yielded a separate list of up-regulated modula- 
tors of inflammation, signaling molecules, and cytoskel- 
etal proteins. Poor concordance between mRNA tran- 
script and protein expression changes was noted. 
Pretreatment with the p38 inhibitor SB203580 attenu- 
ated 23% of LPS-regulated genes and 18% of LPS-regu- 
lated proteins by ^40%. This study indicates that p38 
plays a selective role in regulation of neutrophil tran- 
scripts and proteins following lipopolysaccharide expo- 
sure, clarifies that several of the effects of lipopolysac- 
charide are post-transcriptional and post-translational, 
and identifies several proteins not previously reported 
to be involved in the innate immune response. 



Lipopolysaccharide (LPS),^ a component of the outer cell wall 
of Gram-negative bacteria, evokes a variety of functional re- 
sponses in the human neutrophil (PMN) after binding to a 
plasma membrane receptor complex that involves the ToU-like 
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receptors (TLRs) (1-5). These "immediate" functional re- 
sponses, including actin assembly, adhesion, activation of nu- 
clear factor-kappa B (NF-kB), and priming for an enhanced 
secretory response and for release of reactive oxygen interme- 
diates, appear to be central both to the innate immime re- 
sponse and to the pathogenesis of several inflammatory human 
diseases, including sepsis and the acute respiratozy distress 
syndrome (6). p38 mitogen-activated protein kinase (p38 
MAPK) has been shown to mediate LPS-induced PMN adhe- 
sion, NF-icB activation, and TNF-a and IL-8 translation and 
release (7), and its blockade attenuates LPS-induced PMN 
accumulation in the airspace (8). However, other cascades al- 
most certainly lead to downstream effectors of the LPS signal; 
for example, actin assembly appears to be p38 MAPK-inde- 
pendent (9). An improved imderstanding of the transcriptional 
and translational responses of the neutrophil to LPS and the 
modulation of these responses by p38 MAPK might carry 
pathogenetic and therapeutic implications. 

Historically, it has been believed that the downstream PMN 
transcriptional response to LPS is static and that PMN func- 
tional responses to LPS that depend on de novo protein syn- 
thesis are primarily limited to the release of cytokines (10). 
However, recent studies indicate a robust transcriptional re- 
sponse (11). To date, most studies have relied upon and re- 
ported a short list of functional assays of the LPS-exposed 
PMN; therefore, no exhaustive investigation of either the tran- 
scriptional response or protein synthetic repertoire of the PMN 
has been reported. Although several techniques have been used 
to evaluate transcripts, the screening of global changes in 
mRNA by microarray analysis has only recently become possi- 
ble. In this way, thousands of genes can be screened in an 
unbiased fashion for transcript abundance. Such genomic 
screens in mammahan cells have previously been applied to 
define altered expression profiles in response to agonists (12) 
and to drug action (13) and during cell cycle progression (14). 

Although DNA microarray technology is expected to provide 
insight into the response of the human PMN to LPS (15), 
inhibition of LPS-stimulated IL-1 and TNF-a production by 
p38 MAPK inhibitors in THP-1 cells (16) and of TNF-a synthe- 
sis in human PMNs (9) occurs at a translational level and 
would therefore not be detected by DNA microarrays. Further- 
more, in other systems, such as yeast and human liver, mRNA 
and protein levels show poor correlation (17, 18). Proteomics is 
a complementary tool for assessing global changes in cellular 
protein expression, thereby providing additional insight into 
cellular signal regulation. A proteomic approach has proven 
useful in different systems for dissecting signal transduction 
cascades and describing their output (19, 20) and has even 
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recently been used to detect novel upstream messengers in- 
volved in LPS signal transduction (21). We have applied DNA 
microarrays and proteomics to define and compare transcrip- 
tional and post-transcriptional alterations in the LPS-exposed 
PMN and to establish the dependence of these alterations on 
p38 MAPK signaling. 

EXPERIMENTAL PROCEDURES 
Materials— Endotoxia-free reagents and plastics were used in all 
experiments. Aprotinin, leupeptin, AEBSF, E-64, pepstatin, and besta- 
tin protease inhibitors, spermine HCl, and a-cyano-4-hydroxycinnaniic 
acid (CHCA) were all purchased from Sigma Chemical Co. (St. Louis, 
MO). SB203580, a p38 MAPK inhibitor, was purchased from Calbio- 
chem-Novabiochem Corp. (San Diego, CA). For two-dimensional PAGE, 
rehydration buffer, equihbration buffers, vertical electrophoresis solu- 
tions, and 10% homogeneous polyacrylamide slab gels were purchased 
from Genomic Solutions, Inc. (GSI, Ann Arbor, MI). Sequencing grade 
porcine trypsin was piirchased from Promega (Madison, WI). 

LPS Incubation— ^MJ^s were isolated by the plasma Percoll method 
(22), a technique that yields less than 5% monocytic contamination, and 
resuspended at a concentration of 15.4 x IQ^ml in RPMI 1640 culture 
medium (BioWhittaker, Walkersville, MD) supplemented with 10 mM 
HEPES (pH 7.6) and 1% heat^inactivated platelet-poor plasma. After 
addition of 100 ng/ml Escherichia coli 0111:B4 LPS (List Biological), 
incubation was carried out with continuous rotation (4 h, 37 *C) both in 
the presence and absence of SB203580. Both Afifymetrix analysis and 
proteomic analysis utilized 75 x l(f cells. For microarray analysis, 
nonstimulated and 4-h-treated PMNs were collected from three sepa- 
rate donors. A more detailed time course following LPS exposure was 
performed \ising polymerase chain reaction. For proteomic analysis, 
LPS incubations from separate donors {n = 6) were performed and then 
analyzed individually. Control and post-LPS incubation PMNs were 
washed (0.34 m sucrose/1 mM EDTAAO mM Tris) and then lysed in a 
modified rehydration buffer (GSI, Ann Arbor, MI) supplemented with 2 
M thiourea, 50 mM dithiothreitol (DTT), 22.5 mM spermine HCl, and a 
mixture of six protease inhibitors (10 /xg/ml aprotinin, 10 Mg/ml leupep- 
tin, 2 mM AEBSF, 5 mm E-64, 1 mm pepstatin, 10 mm bestatin). DNA was 
pelleted by centrifugation at 250,000 x g for 60 min (23). 

Afjymetrix Oligonucleotide Array— ¥i\e micrograms of total RNA was 
isolated with TRIzol (Invitrogen) and RNeasy colimms (Qiagen) and 
subsequently labeled with biotin as described by Affymetrix. Briefly, 
first-strand synthesis was accomplished with Superscript 11 reverse tran- 
scriptase (Invitrogen) using a T7-ohgo(dT)24 primer for 1 h at 42 ''C 
followed by second-strand synthesis using E. coli DNA polymerase I and 
RNase H (Invitrogen) at 16 'C for 2 h Double-stranded DNA was used as 
a template for in vitro transcription with T7 RNA polymerase in the 
presence of biotin-labeled UTP and CTP using the BioArray High Yield 
RNA transcript labeling kit (Enzo). Fifteen micrograms of cRNA was 
fragmented and used for hybridization to Aflfymetrix HuGene 6800FL 
(jenechips. Each sample was hybridized initially using a Test2 CJenechip 
to test for sample degradation and full-length in vitro translation. Data 
were analyzed using Affymetrix Genechip software. Results from three 
separate donors were analyzed. 

Reverse Transcription and Polymerase Chain Reaction—cDNA was 
prepared by reverse transcription using 2 Mg total RNA, derived from 
20 X 10^ cells that were treated as indicated. Polymerase chain reac- 
tions were performed using specific primers for Afx-7, TNF-a, MCP-1, 
p65, S100A4, and glyceraldehyde-3-phosphate dehydrogenase. 

Two-dimensional PAGE—The protein concentration of the lysates 
was measured as described by Bradford et al. (24). Poor isoelectric 
focusing (lEF) results were encovmtered unless the polycationic sperm- 
ine was diluted (data not shown); therefore, lysates were diluted with 
rehydration buffer (GSI, Ann Arbor, MI) to achieve a final spermine 
concentration of 6 mM. Equal protein loads (1.5 mg) of control and 
LPS-stimulated neutrophils were used to rehydrate lEF gels overnight 
(18 cm, pH 3^10 nonlinear Immobiline DryStrip lEP gels, Amersham 
Biosciences; Piscataway, NJ). lEF was performed at 20 "C to 100-kVh 
(Phaser, (jSI) under mineral oil, followed by two 10-min SDS equilibra- 
tion steps (DTT and then iodoacetamide-containing equilibration buff- 
ers, GSI) and then by vertical electrophoresis on 10% homogeneous 
polyacrylamide slab gels (GSI) at 500 V. Protein spots were visualized 
by agitation in colloidal Coomassie Brilliant Blue G-250 (16 h) (25), 
followed by destaining in ddonized water (20 h). In separate experi- 
ments, control and LPS-stimulated PMN lysates from three donors 
were pooled and then analyzed by two-dimensional PAGE using over- 
lapping narrow isoelectric point (pl) ranges (18 cm, pH 5.0-6.0, 5.5- 



6.7, and 6-11, Amersham Biosciences, Piscataway, NJ). Identical lEP 
and vertical electrophoresis parameters were used for all gels. 

Image Analysis of Two-dimensional Ge/s— Colloidal Coomassie- 
stained gels were digitized using a Powerlook II (UMAX Data Systems, 
Inc., Taiwan) flatbed scanner with 8-bit dynamic range and 150-dpi 
resolution. Biolmage (GSI, Ann Arbor, MI) 2D-Analyzer software was 
used to locate, quantitate, and match protein spots on the control and 
LPS gel images. Analysis was performed by assigning 50 common 
anchor spots between paired images; the remaining spots were com- 
pared by a constellation-matching algorithm. All data were then care- 
fully reviewed by the operator to account for any discrepancies. Protein 
loading between control and experimental gels may have varied be- 
cause of inconsistencies in rehydration of the different lEF gel strips; 
therefore, gel images were normaHzed so that the sum of the integrated 
intensities of all matched spots on paired gels was made equal. Control 
and LPS-stimulated gel images from individual donor eiqperiments 
were matched to generate composite images; composite images were 
then matched into a master composite image to track the LPS response 
of protein spots among different donors (26). Only those spots that were 
common (image-matched) to aU original 12 (pH 3.0-10.0) gels were 
considered for further analysis. For these spots, the LPS-induced 
change in integrated intensity in the six experiments was subjected to 
statistical analysis with a two-tailed Student's t test, and those spots 
withp < 0.05 were identified by peptide mass fingerprinting (described 
below). For the narrow range (pH 5.0-6.0, 5.5-6.7, and 6-11) two- 
dimensional PAGE experiments using pooled donors, only those spots 
with concordant regulation exceeding 1.5-fold or that appeared de novo 
in the LPS gel in two repeat experiments were further analyzed. 

In-gel Tryptic Digestion— Jn-ge\ digestion of protein spots was per- 
formed with sequencing grade porcine-modified trypsin using the 
method of HeUman et al. (27). Tryptic peptides were then extracted (50 
/il of 50% acetonitriW5% trifluoroacetic add, 2 h), and the supernatant 
was taken to dryness in a vacuum centrifuge and then redissohred in 
trifluoroacetic add (20 ^il, 0.5%). Peptides were then purified and con- 
centrated using ZipTipcis pipette tips (MiUipore, Bedford, MA). 

MALDl-TOF Mass Spectrometry— Analyses were performed on an 
Applied Biosystems matrix-assisted laser desorption ionization time-of- 
flight (MALDLTOF) Voyager-DE PRO mass spectrometer (Framing- 
ham, MA) operated in delayed extraction mode. Samples (0.5 mD were 
spotted onto a sample plate to which matrix (0.5 ^^1 of 10 mgfad CHCA) 
was added. The sample-matrix mixture was dried at room temperature 
and then analyzed in reflector mode. CHCA was also spotted alone as a 
negative control. Spectra were the sum of 100 laser shots, and those 
peaks with a signal-to-noise ratio of greater than 3;1 were selected for 
data base searching. Spectra were internally calibrated using autolytic 
trypsin peptides {m/z 842.51, 2211.10). 

Data Base Searching Algorithm— The monoisotopic masses for each 
protonated peptide were: (a) entered into the program MS-Fit (available 
at prospector.ucsf edu) for searches against the Swiss-Prot, NCBI, 
and GenPept databases, and (6) entered into Mascot (available at 
matrixscience.com), an algorithm testing statistical significance of pep- 
tide mass fingerprinting identifications. For MS-Fit searches, masses 
derived firom trypsin, CHCA, keratin, and Coomassie Brilliant Blue 
G-250 were excluded. Search parameters included a mftTimnTn aUowed 
peptide mass error of 0.1 Da (0.8 Da in the few instances in which linear 
mode was used), consideration of one incomplete cleavage per peptide, 
pi range of 3.0-10.0, and molecular mass range of 1-200 kDa. Accepted 
modifications included carbamidomethylation of cysteine residues 
(fiom iodoacetamide exposure following lEF) (28) and methionine oxi- 
dation, a common modification occurring during SDS-PAGE (29). Pro- 
tein identifications were assigned when three criteria were met: 1) 
statistical significance (p < 0.05) of the match when tested by Mascot 
(matrixscience.com); 2) >20% sequence coverage by the tryptic pep- 
tides; and 3) concordance (±15%) with the molecular weight and pi of 
the parent two-dimensional PAGE protein spot. The following spedal 
exceptions were considered: (a) protein identifications not fiilfilhng 
criterion 2 were still assigned if criteria 1 and 3 were fiilfiUed and no 
other Homo sapiens proteins with peptide mass-matched p values < 
0.05 were identified by Mascot; (6) if criterion 3 was not fulfilled Gower 
than expected molecular weight), a cleavage product of the identified 
protein was inferred, and the cumulative molecular weight of the tryptic 
peptides was compared with that of the two-dimensional-PAGE spot to 
ensure that it was not exceeded; (c) if criterion 3 was not ftilfiUed (isolated 
discordance between theoretical and observed pi), post-translational mod- 
ification of an imrecovered peptide was inferred; and id) if two or moreH. 
sapiens protein assignments with >4 mutually exclusive matching pep^ 
tides were identified, a protdn mixture in the two-dimensional PAGE 
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spot was inferred and further analysis halted (quantitative condusians 
regarding the individual protein constituents could not be drawn). 

RESULTS 

Genes Differentially Expressed in LPS- stimulated Neutro- 
phils — ^Human PMNs were left untreated or incubated in the 
presence of 100 ng/ml LPS for 4 h. As a control to confirm that 
the PMNs were quiescent at baseline and that LPS resulted in 
normal stimulation, mRNA was isolated, cDNA was prepared, 
and PGR for TNF-a was performed. Little TNF-or expression 
was seen in nonstimulated cells, whereas LPS treatment led to 
an increase in expression in each of the donors subsequently 
used for microarray analysis (data not shown). No macrophage- 
colony stimulating factor receptor transcript was detected by 
oligonucleotide microarray analysis, confirming there was no 
significant monocytic contamination. 

Htunan PMNs express a limited repertoire of mRNA tran- 
scripts at baseline but respond to LPS with differential expres- 
sion of genes in many families. Considering only those genes 
present by microarray analysis in all three donors, unstimu- 
lated PMNs expressed 13.0% (923 of 7070 genes) of the Af- 
fymetrix gene set. Gene classes represented at baseline include 
metabolic enzymes, structural proteins, receptors, signaling 
proteins, and transcription factors. By comparison, human 
monocytes expressed ~40% and human fibroblasts --35% of the 
represented genes (data not shown). By the criterion of a >3- 
fold increase in expression in all three donors on Afi^metrix 
oligonucleotide array analysis, exposiu-e of PMNs to LPS for 4 h 
resulted in the up-regulation of 100 genes (Table I). 

(jenes firom several different functional classes were induced 
in PMNs following LPS exposure. Of interest, a number of 
transcriptional regulators were induced, including transcrip- 
tion factors of the NF-kB family. The transcriptional NF-kB 
complex has previously been implicated in the regulation of the 
genes induced by LPS (11). The genes for several cytokines and 
chemokines were also found to be up-regulated. These include 
TA^-a, /L-i/3, IL'6y MCP'l, MIP-3a, and MIP-l^ (Table I). 
PGR was performed to confirm the results fi-om the microarray 
analysis. PGR analysis on selected genes indicates that the 
time coiu'se for changes can be rapid or delayed but parallel the 
changes found in the array at the 4-h time point (data not 
shown). Other up-regulated genes included those for metabolic 
enzymes, immune response molecules, kinases, phosphatases, 
signaling molecules, adhesion and cytoskeletal components, 
interferon-stimulated genes, and those with unknown or mis- 
cellaneous function (Table I). 

LPS stimulation of PMN also resulted in the down-regula- 
tion of 56 genes (Table II). Down-regulated genes were identi- 
fied as transcriptional regulators, protein and lipid kinases and 
phosphatases, structural molecules, and signaUng molecules. 
Cienes for metabolic proteins were also evident, as were several 
uncharacterized genes. 

Two-dimensional PAGE and Image Analysis — In contrast to 
the limited number of transcripts found at baseline, PMNs 
were found to express a large number and variety of proteins in 
the nonstimulated state (Fig. 1, A and C, and Tables III-V). 
Reproducible protein expression patterns were found on the pH 
3,0-10.0 gels, and the majority of proteins fell in the pH 5.0- 
7.0 range (Fig. lA). The basic region (pH > 7.0) consistently 
exhibited poor resolution, precluding meaningfiil image analy- 
sis and further workup (data not shown). Depending on the 
spot-finding parameters (minimum spot intensity, filter width) 
selected on the image analysis software, spot-by-spot manual 
editing was found to be necessary to avoid over- and imderde- 
tected spots; moreover, further manual editing was performed 
to screen for unmatched and mismatched spots following 
matching of paired control and LPS-stimulated gels. After spot 



editing, ^1200 well-resolved spots were evident on each pH 
3.0-10,0 gel. In an attempt to improve resolution of the pi 
range bearing the greatest number of well-resolved spots, over- 
lapping narrow pH range gels (pH 5.0-6.0, 5.5-6.7, 6-11) were 
also run. Of interest, a similar number of well-resolved spots 
(--1200) were detected on the narrow pH range gels (Fig. 1, C 
and D), Assuming a detection limit for Goomassie of 15 ng (0.25 
pmol, or 1.5 X 10^^ molecules, for a 60-kDa protein) and a 
protein load per gel corresponding to 75 x Vf PMNs, we 
estimate a detection hmit on our gels of 2000 molecules/cell for 
a 60-kDa protein. As investigators have suggested in other cell 
lines with the use of high resolution two-dimensional-PAGE 
methods (30), we estimate that > 10,000 proteins are expressed 
in the resting PMN. 

Human PMNs respond to LPS with the differential expres- 
sion of a large number of proteins. In the six individual pH 
3.0-10.0 experiments, the number of protein spots that in- 
creased in integrated intensity by at least 50% following LPS 
exposure was 185, 122, 104, 104, 96, and 131, respectively. The 
number of protein spots that decreased by at least 50% follow- 
ing LPS exposure was 72, 151, 102, 98, 128, and 97, respec- 
tively. Although gel-to-gel regional variability in resolution was 
expected to account for individual spots not being well visual- 
ized on particular gels, only those spots that were matched to 
all 12 original gels were analyzed further. Overall, the nimiber 
of spots matched to all 12 original gels was 125. The numbers 
of spots that were both matched to all 12 original gels and that 
increased by at least 50% in integrated intensity in the indi- 
vidual experiments following LPS exposiu-e were 46, 13, 17, 27, 
22, and 20, respectively. The numbers of spots that were 
matched to aU 12 gels and that decreased by at least 50% were 
6, 22, 17, 22, 34, and 28, respectively. The LPS-induced change 
in integrated intensity of the 125 spots that were matched to all 
12 original gels was subjected to statistical analysis with a 
two-tailed Student's t test, £md those spots with statistically 
significant (p < 0.05) regulation among the six experiments 
were identified by peptide mass fingerprinting (Table III), 

Identification of LPS -regulated Proteins — Several proteins 
were consistently up-regulated on the pH 3.0-10.0 gels (Table 
III), including regulators of inflammation (annexin III) and 
signaling molecules (Rab-GDP dissociation inhibitor /3). Sev- 
eral actin fi^agments were seen to be consistently up-regulated 
in the six experiments following LPS exposure (Table III). Of 
interest, the proteasome /3 chain was also consistently up- 
regulated. Down-regulated proteins included other signaling 
molecules, such as Rho GTPase activating protein 1. 

On the pH 5.0-6.0 and 5.5-6.7 gels, several proteins were 
found to show increases of greater than 1.5-fold following LPS 
exposure (Tables IV and V), including cytoskeletal proteins, 
such as moesin, nonmuscle myosin heavy chain, and a putative 
phosphorylated form of nonmuscle myosin heavy chain, and 
signaling molecules, such as protein phosphatase 1 and PO4- 
stathmin. The putative phosphorylated form of nonmuscle my- 
osin heavy chain {spot §1101) was positioned 0.03 pH unit more 
acidic than the unmodified protein (spot §1102) (Fig. ID) and 
was distinguished by a tryptic peptide {mlz 1366.74) not pres- 
ent in the immodified protein, consistent with phosphorylation 
of serine 685. Serine 685 is predicted by NetPhos 2.0 Prediction 
Server (available at www.cbs.dtu.dk/services/NetPhos/(31)) to 
be a high probability phosphorylation residue and by Scan- 
Prosite (www.expasy.cb/tools/scnpsite.html) to be a substrate 
for protein kinase C. The trsrptic phosphopeptide identified in 
P04-stathmin, extending from residues 15 to 27 (1468.7 Da), is 
consistent with phosphorylation of either serine 16, a known 
substrate for Ga^^/calmodulin (GaM)-dependent kinases (32), 
or serine 25, a known substrate for p38d and ERK (Fig. 2A) 
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Table I 

Human neutrophil genes induced after 4 h of LPS exposure 



Description 



GenBank^ 



Change-fold 



Transcriptional regulation 
Pleiomorphic adenoma gene-like 2 
NFKB2 
NFKBIE 
p65 
BCL3 

X-box binding protein 1 
, Metal-regulatory transcription factor 1 
Ets-2 
c-Rel 
NFKBl 

Basic leucine zipper transcription factory ATF-like 
1KB 

MAX dimerization protein 
DIF2 

Cytokines and receptors 
MCP-1 
MIP-1^ 

QfHelix coiled-coil rod homolo^ 

GR03 (beta) 

TNF-a 

MlP'Sa 

ILIORA 

lL-6 

GROa 

HM74 

Immune response 
Orosomucoid 

Complement component C3 

Protease inhibitor 9 

Complement component 3a receptor 1 

Protease inhibitor 3 

<SI«P//antileukoprotease 

ELANH2/e]astaae inhibitor 

CD58 

Complement component PFC 

Kinases 
CNK/FNK/PLK-like 
Cot 
Pim-2 
LIMK2 

Phosphatases 
PAC-1/DUSP2 
DUSP5 
PHAl 

Signaling molecules 
TNFAIP1/A2Q 
TRAFl 
RanBP2 
GNA15 
PTAFR 

Adhesion and cytoskeleton 
ICAMl 

CEACAMl (bilaiy glycoprotein) 
LIMSl 

SNL/acUn bundling protein 

Galectin-l/LGALSl 

MEMDIALCAM 

CD44 

TSG-e 

Metabolic 
GTP cyclohydrolase I 
iVZ)t/yV2/ubiquinone reductase 
PSMA6/(proteosome iota) 
UDP-galactose transporter (SLC35A2) 
PLAU (urokinase) 
KyATtZ/L-kynurenine hydrolase 
AMPD3 

P4HAlfpToly\ 4-hydroxylase 
7 Glutamylcysteine synthetase 
ATP6D 
ATP6S1 



D83784 

S76638 

U91616 

L19067 

U05681 

M31627 

X78710 

J04102 

X75042 

M58603 

U15460 

M69043 

L06895 

S81914 

M69203 

M72885 

AF014958 

X04500 

M57731 

X02910 

U64197 

U00672 

Y00081 

X54489 

D10923 



X02544 
K02765 
U71364 
U28488 
L10343 
X04470 
M93056 
Y00636 
M83652 



U56998 
D14497 
U77735 
D45906 



L11329 
U15932 
U73477 



M59465 
U19261 
D42063 
M63904 
D10202 



M24283 
X16354 
U09284 
U03057 
M57710 
U30999 

HG2981— HT3125 
M31165 



U19523 

M22538 

X59417 

D84454 

X02419 

U57721 

D12775 

M24486 

L35546 

J05682 

D16469 



16.8 
12.3 
11.5 
8.4 
7.7 
7.5 
7.4 
7.4 
6.2 
5.8 
4.7 
3.8 
3.6 
3.1 



78.7 
48.8 
20.8 
17.6 
17.3 
14.5 
8.1 
7.3 
6.3 
4 

3.8 



20.2 
12.8 
9.5 
6.1 
4.9 
4.7 
4.6 
3.8 
3.5 



16,2 
11.9 
9.5 
4.3 



11.8 
5.3 
3.4 



10 
6.2 
5.6 
5.2 
3.9 



22.4 
6.3 
6.1 
5.9 
4.7 
4.2 
3.9 
3.7 



13.5 
8.6 
8.4 
7.3 
6.4 
5.5 
5 

4.7 
4.5 
4.2 
4 
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Table l^continued 



Description 



Genfiank™ no. 



Glycerol kinase 

FACLl 

AK3 

Interferon-inducible 
ISG15 
Mxl 
IFI56 
INDO 
GBPI 
PKKR 
IFIT4 
IFI54 
IFI58 
IFP35 

Other 
Gos2 

MIHCIIAPl 

KLAA0105 

KIAA0118 

SNAP23 

CASP5 

KIAA0113 

KIAA0255 

Hepatoma-deriued GF 

PTGS2 

CD48 

UNC119 hoinolog 

KIAA0151 

Rahlb 

Annexin VII 

KlAAOnO 

Adrenomedullin 

AIMl 

KIAA0250 

P5-1 

Scavenger receptor escpressed by endothelial cells 
VHL 



X68285 
L09229 
X60673 



M13755 
M33882 
M24594 
M34455 
M55542 
U50648 
U52513 
M14660 
U34605 
U72882 



M72885 

U37546 

D14661 

D42087 

U55936 

U28015 

D30755 

D87444 

D16431 

D28235 

M37766 

U40998 

D63485 

XM035660 

J04543 

D14811 

D14874 

U83115 

D87437 

L06175 

D63483 

L15409 



Change-fold 

3.5 
3.3 



22.5 
19.4 
12.1 
5.2 
4.3 
3.7 
3.6 
3.5 
3.5 
3 



48.8 
7.2 
5.1 
5 
5 

4.8 
4.8 
4.7 
4.7 
4.6 
4.3 
4.2 
3.9 
3.8 
3.7 
3.7 
3.7 
3.6 
3.2 
3.2 
3.2 
3.1 



(33). Assiuning that no other multiply phosphorylated stath- 
min species had escaped detection, analysis of the integrated 
intensities of the P04-stathnun and stathmin spots indicates 
that the percentage of the PO4 form of total cellular stathmin 
increased from 11% to 38% with LPS stimulation (Fig. 2B). 
This is similar to a previous report of an increase from <10% to 
35-40% of the Ser^^-phosphorylated form in Jurkat cells stim- 
ulated with anti-CD3 (34). 

Effect of SB203580 on LPS -stimulated Gene Expression- 
Gene expression analysis of PMNs stimulated with LPS indi- 
cated that the majority of genes induced by LPS were unaf- 
fected by prior treatment of PMN with SB203580. Of the 100 
genes up-regulated by LPS, the up-regulation of 23 was inhib- 
ited by greater than 40% (Table VI). The majority of these 
genes affected by SB203580 were inhibited by less than 60%, 
whereas only six were inhibited by greater than 80%, all of 
which represent previously identified interferon-stimulated 
genes. Induction of cytokine genes by LPS, with the exception 
of IL'6, was generally unaffected by SB203580. 

Effect ofSB203580 on LPS-stimulated Protein Expression^ 
Similar to the effect of SB203580 on LPS-stimuIated gene 
expression, little effect of SB203580 was seen on expression 
levels for the majority of LPS-regulated proteins (Table VII). 
Two exceptions are annexin III and a-enolase, for which LPS- 
stimulated expression was attenuated in the presence of the 
p38 MAPK inhibitor. 

Comparison ofMicroarray and Proteomics Results— Of the 
LPS-regulated proteins identified by peptide mass fingerprint- 
ing for which probes were present on the oligonucleotide mi- 
croarray, poor concordance was found at the mRNA level (Table 
VIII). For 13 LPS-up-regulated proteins, 2 corresponding 



mRNA transcripts were up-regulated, 1 was down-regulated, 5 
were unchanged, and 5 were not detected by the Afiymetrix 
chip. For 5 down-regulated proteins, 3 corresponding tran- 
scripts were down-regulated, 1 was imchanged, and 1 was not 
detected. Varying patterns of LPS regulation emerge for those 
candidates detected at both the transcript and protein level. 
Proteasome /3 chain was up-regulated at both the transcript 
and protein levels (Table VIII), with no notable effect of 
SB203580 on expression at either level. Similarly, CAPl, Rho- 
GAPl, and ficolin 1 were down-regulated at both the mRNA 
transcript and protein level (Table VIII), with no notable effect 
of SB203580. Annexin III was down-regulated at the transcript 
level and up-regulated at the protein level, with an inhibitory 
effect of SB203580 seen only at the protein level (Tables VTI 
and VIII). 

DISCUSSION 

Interaction of bacterial LPS with the human PMN repre- 
sents a model system for studying the activation and output of 
the innate immune system during infection and inflammation. 
A recent publication (35) describes the gene expression changes 
of a cidtured monocytic ceU hne after infection by the Gram- 
positive bacterium Listeria monocytogenes. The cell wall com- 
ponents of Gram-positive bacteria, like Gram-negative-derived 
LPS (i.c. from E, co/0, are known to signal through TLRs (36, 
37). Importantly, many of the expression changes foimd in 
LPS-stimulated PMNs in the present study were also described 
in the bacteria-exposed monocytic cells, indicating that many of 
the gene expression changes seen in bacterial infection are 
likely mediated by TLRs (38, 39) and that the LPS model 
system accurately reflects exposure of immune cells to infec- 
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Table II 

Human neutrophil genes repressed (>4-fi>ld) after 4 h of LPS exposure 



GenBank™ no. 



Change 



Kinases 
CAMK, II, gamma 
Diacylglycerol kinase, delta 
PRKCL2/PRK2 protein kinase C-like 2 
MAPKAPK3 

Protein kinase Ht31, cAMP-dependent 
CAMK II 

Transporters 
SLC25AS/a6bjite carrier family 25, member 5 
SLC19A1; folate transporter 
SLC2A3; facilitated glucose transporter 

Metabolic 
Carbonic anhydrase IV 
RNaseAfamUy, k6 
Glycogen phosphorylase; liver 
Inositol polyphosphate-S-phosphatase 
Inositol 1,3,4-trisphosphate 5/6-kinase 
Transketolase 

Protein phosphatase 4, reg. subunit 1 (done 23840) 

Cytidine deaminase 

MGATl 

HMOXl 

MAN2A2 

Glycogenin (also represents U31525) 

Structural 
Fibrinogen-Uke protein (pT49 protein) 
H2AFZ 
Paxillin 
Lamin B R 
Dynamin 2 
Actinin 1 
a-Tubulin 

Tubulin, ai, isoform 44 

Transcriptional regulators 
Lymphoblastic leukemia- derived sequence 1 
MAX-interacting protein 1 
Nuclear factor crythroid 2 isoform f 
Transducer ofERBB2, 1 
NFATC4 

ATF-2 (CRE-Bpa) 

Receptors 
Lymphotoxin 0 receptor 
Folate receptor 3 (gamma) 

Signaling 
Pix-a; cool-2 (KIAA0006) 
ARHB/BhoB 
TNFSFIO; TRAIL 

Ca^* binding 
ANXn 
S100A4 
ANXl 

Other 
Proteolipid protein 2 

Protein phosplutttise 1, a catalytic subunit 

TIMP2 

KJAA0199 

Lipin 2 (KIAA0249) 

UWP(Jawl) 

CUGBP2 

Clone 23933 

PECAMl 

Delta sleep-inducing peptide 

DiGeorge synd. critical region gene 2 (KIAA0163) 

SELPLG; CD162; selectin P ligand 



U50360 
D63479 
U33052 
U09578 

HG2167-HT2237 
L07044 



J02683 
U17566 
A120681 



L10955 
U64998 
M14636 
U57650 
U51336 
L12711 
U79267 
L27943 
M55621 
X06985 
L28821 

H(34334-HT4604 



Z36531 
M37583 
U14588 
L25931 
L36983 
M95178 
X01703 

HG2259-HT2348 



M22638 
L07648 
S77763 
D38305 
L41067 
L05515 



L04270 
U08471 
U11875 



D25304 
M12174 
U37518 



L19605 
M80563 
X05908 



L09604 

HG1614-HT1614 

M32304 

D83782 

D87436 

U10485 

U69546 

U79273 

L34657 

Z50781 

D79985 

U25956 



'fold 

-4 

-4.2 

-4.3 

-6.3 

-8 

-9.8 



-4.2 
-4.4 
-5 



-4.4 
-4.5 
-4.6 
-4.6 
-4.7 
-4.8 
-4.9 
-5.4 
-5.4 
-5.4 
-5.8 
-5.9 



-4.2 
-4.7 
-4.9 
-5.9 
-6.2 
-6.7 

-10 

-15 



-4.4 

-4.5 

-6 

-6.9 

-7.8 

-9.6 



-4.4 

-5 

-5.3 



-4.5 
-4.5 
-6.6 

-4.3 
-4.8 
-4.8 



-4.9 
-5 
-5.1 
-5.2 
-5.6 
-5.8 
-6.9 
-7 
-8 
-8.7 
-9 
-32 



tion. Nevertheless, the reliance upon DNA microarrays alone 
affords insight only into the transcriptional response without 
corroboration at the protein level. In the present study, appli- 



cation of both DNA microarray and proteomics technology to 
our model system provides imique insight into both the cellular 
biology of the activated PMN and the responsiveness and reg- 
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Fig. 1. Two-dimensional PAGE of LPS-exposed human PMNs. 
A and B, colloidal Coomassie Blue-stained pH 3.0-10.0, two-dimen- 
sional PAGE gels (A, control; B, LPS-ejqposed) with up-regulated (solid 
arrows) and down-regulated (hatched arrows) proteins indicated. These 
results are representative of six separate experiments. C and D, colloi- 
dal Coomassie Blue-stained pH 5.0-6.0, two-dimensional PAGE gels 
(C, control; Z), LPS-exposed) with up-regulated (solid arrows), new 
(solid arrow, open arrowhead), and down-regulated (hatched arrows) 
proteins indicated. LPS-exposed PMNs from three blood donors were 
pooled. 

ulation of its transcriptional and translational machinery. As 
will be discussed below, our study identifies, in particular, 
novel aspects of the LPS-stimulated PMN transcriptional reg- 
ulation, activity in the innate immune response, signaling, 
cytoskeletal reorganization, and priming for granide release. 

In the present study, the increase in NF-kB transcript abun- 
dance (Table I) detected by the microarrays corroborates the 
findings of other studies of PMNs and monocytes (40) and 
indicates a mechanism for the responsiveness and scope of the 
PMN transcriptional machinery following LPS exposure. NF- 
kB, recently described to be activated by LPS through the 
TLR/MyD88/interleukin-l receptor-associated kinase pathway 
(1, 4), is the only transcriptional complex reported to be in- 
duced by LPS in the PMN. However, because the transcrip- 
tional NF-kB complex has been implicated in the regulation of 
only a portion of the genes induced by LPS in this study (data 
not shown), the importance of alternative transcriptional reg- 
iilators in the PMN is clear. Of interest, several other known 
and putative transcriptional regulators with less well defined 
functions were also up-regulated in the present study, includ- 
ing PLAGL2, a putative zinc-finger protein, XBP-1, MTF-l, 
EtS'2, B-ATF, and DIF-2, On the other hand, LPS-down-regu- 
lated genes include ATF-2 (a known target of p38), NFATC4, 
TOB'l, NF-E2, MXI-1, and LYL-L Although the exact role of 
these gene products in regulating cell function is unknown, 



these data indicate that the range of transcriptional responses 
in the LPS-stimulated PMN is much broader than previously 
suggested and that the signaling capabilities of the PMN in the 
immune response are thereby likely extended in scope and 
specificity. 

As expected firom the literature, the genes for several cyto- 
kines and chemokines, including /L-i/3,7L-^, and A//P-i0, were 
found to be up-regulated (Table I). On the other hand, the 
notable absence of up-regulated cytokines in the proteomics 
experiments reflects their removal in the post-LPS incubation 
wash performed prior to lysis for two-dimensional-PAGE. Up- 
regulation of these inflammatory mediators is well documented 
in PMNs exposed to LPS and in animal models of LPS-induced 
sepsis syndrome and acute respiratory distress syndrome, a 
PMN-mediated illness (41, 42). Several genes in this family 
were up-regulated that have not, to otu- knowledge, been de- 
scribed in LPS-stimulated cells, including MCP l, GR03, 
IL'IORA, and HM74, an orphan G protein-coupled receptor 
with homology to chemokine receptors. The down-regulation of 
TNFSFIO, lymphotoxin b receptor, and TNFAJPl were also 
observed. The modulation of genes involved in cytokine signal- 
ing, including the adapter molecules TRAFl (LPS and TNF 
receptor signaling) and TNFAIPl (TNF receptor signaling) and 
several kinases and phosphatases, may indicate a change in 
cytokine responsiveness after LPS treatment. Relevant in this 
regard from the proteomics data are: 1) the up-regulation of 
protein phosphatase 1, which has been shown to regulate PMN 
NADPH oxidase activation and translocation (43, 44) and to 
regulate LPS-induced NF-kB activation (45); 2) the down-reg- 
ulation of Rho-GAPl, which has been shown to regulate 
NADPH oxidase activity in the PMN (46); and 3) the up- 
regulation of P04-stathmin (Table IV), a phosphoprotein pos- 
tulated to function as a relayer and integrator of multiple 
signal transduction pathways (34). Several noncytokine; 
nonchemokine genes involved in the immune response were 
also up-regulated, including the complement pathway mem- 
bers C5, C3AR1, and PFC; the protease inhibitors ELANH2 
(elastase inhibitor), SLPI, and PI-9\ and the acute phase 
protein orosomucoid, LPS regulation of C3AR1 and orosomu- 
coid expression have not previously been reported. In the pro- 
teomics experiments, the down-regulation of ficolin-1 (Table III), 
a coUectin-like cell surface protein reported to activate the com- 
plement system and to mediate adhesion and phagocytosis in 
monoc3rtes but not previously reported in granulocytes (47), may 
represent negative modulation of the innate immime response. 
The finding that genes other than cytokines and chemokines are 
regulated by the PMN in response to LPS indicates that the PMN 
plays a more sophisticated role in host-defense and immunity 
than previously thought. 

Treatment of the PMN with LPS lead to the induction of a set 
of genes associated with the anti-viral Type I interferons, 
IFNa//3. This induction occurs independently of the release of 
IFN or another unidentified soluble factor.^ Furthermore, the 
set of genes expressed is smaller than that induced by IFNa//3, 
as described by Der et al (12). This may be due to difiFerences in 
the scope of the signaling systems activated by LPS and 
IFNo/^, or the time course of analysis of genes in the LPS- 
stimulated PMN. The implication that LPS treatment of PMN 
allows PMN to express anti-viral activity is currently being 
tested. Of interest was the finding that induction of interferon- 
stimulated genes was blocked by pretreatment of PMNs with 
SB203580. Work from our laboratory has indicated that signal 
transducers and activators of transcription activation does not 
occur in response to LPS in PMNs.^ In addition, interferon- 



^ K C. Malcolm and G. S. Worthen, manuscript in preparation. 
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Table HI 

Analysis of pH 3,0-10,0 two-dimensional PAGE gels 
Mean change(-fold) in expression level among six PMN donors is reported. The change in expression for the proteins listed was statisticallv 
significant (p < 0.05) as measured by a two-tailed Students t test. ^ ^ f «ms usiea was stanstically 



Identification [spot no.] 



Swiss-Prot I 



Estimated 



Theoretical 



Peptides matched/ 
submitted 



Protein 
covered 



Mean 
change 



Up-regulated 
Proteasome ^ chain [646] 
Annexin III [550] 
Actin fragment [544]° 
Actin fragment (5911" 
a-Enolase [380J 

Rab-GDP dissociation inhibitor /3 [289] 
Glutathione S-transferase P [648] 
Pre-B-cell colony enhancing factor [1152] 

Down-regulated 
Adenylyl cyclase-associated protein 1 [256] 
Rho-GAPl [283] 
Ficohn 1 [511] 



P28070 
P12429 
P02570 
P02570 
P06733 
P50395 
P09211 
P43490 



Q01518 
Q07960 
000602 



27/5.7 
31/5.7 
32/5.5 
30/5.4 
41/5.7 
50/6.1 
23/5.5 
53/7.0 



55/7.3 
50/5.8 
33/6.5 



29.2/5.72 
36.4/5.6 
(41.7/5.29) 
(41.7/5.29) 
47.2/7.01 
50.7/6.11 
23.4/5.43 
55.5/6.69 



51.7/8.07 
50,4/5.85 
35/6.39 



9/12 (75%) 
14/18(78%) 

13/15 (87%) 
14/18 (78%) 
9/10 (90%) 
10/11 (91%) 
6/8 (75%) 
12/16 (75%) 



16/22 (73%) 
7/9(78%) 
10/12 (83%) 



36% 
42% 
(34%) 
(29%) 
24% 
25% 
41% 
25% 



34% 
22% 
25% 



•fold 

1.51 
1.37 
1.74 
1.60 
1.65 
1.24 
1.54 
1.29 



0.53 
0.67 
0,74 



" The theoretical pi and Mr of native actin are indicated. Protein coverage indicates coverage of native actin. 

Table IV 

Analysis ofpH 5.0-6.0 two-dimensional PAGE gels 

J^t^i!^^^^^^""^ control (n=3) and LPS-exposed {n = 3) PMNs fi-om human donors. Expression of the reported proteins was 
altered >1.5-lold foUowing LPS exposure m two repeat experiments. ''New" designates proteins f™ - t ^ _i .•_ . y^y^^^ w<is 



not detectable in the corresponding control gels. 



3 seen in the LPS gel in two repeat experiments but 



Identification [spot no.] 


Swiss-Prot 
no. 


Estimated 


Theoretical 


Peptides matched/ 
submitted 


Protein 
covered 


Change 


Up-regulated 








% 


% 


-foid 


Protein-tyrosine Idnase 9-li]£e [468] 

Protein phosphatase 1, catalytic subunit, 8 isoform 

[378] 


Q9Y3F5" 
P37140 


34/5.81 
38/5,73 


39.5/6.37 
37,2/5.84 . 


10/14 (71%) 
7/10 (70%) 


34% 
22% 


1.8 
2.0 


P04-stathmin [577] 

Nonmuscle myosin heavy chain [1102] 

Putative PO4 -nonmuscle myosin heavy chain [1101]*' 

Leukocyte elastase inhibitor [318] 

Grancaldn [1004] 


P16949* 

189036^ 
189036*'^ 
P30740 
P28676 


18/5.36 
145/5.32 
145/5.29 
42/5.71 
24/5,36 


17.3/5.76 
145/5.23 
145/5.23 
42.7/5.9 
24.0/5.02 


9/12 (75%) 
20/21 (95%) 
14/16(87%) 
9/13 (69%) 
7/10 (70%) 


42% 
17% 
13% 
22% 
31% 


2,r 

New 
New 
2.4 
New 


Down-reguUUed 














Adenosylhomoc}rsteinase [324] 

PEST phosphatase interacting protein homolog [234]^ 


P23526 
4100162^ 


48/5.82 
48/5.30 


47.7/6.04 
47.6/5.35 


7/9 (78%) 
11/13 (85%) 


14% 
30% 


0,4 
0.5 



! number and theoretical pi and Mr for the unmodified protein are indicated 

iVCBI accession number. 
See text for explanation. 

^ Genpept accession number. 

* This search was performed using average masses measured by linear mode MALDI-TOF MS. 



Table V 

Analysis of pH 5.5-6.7 two-dimensional PAGE gels 



Identification [spot no.] 



Swiss-Prot 
no. 



Estimated 
Mr/pI 



Theoretical 
Mr^I 



Peptides matched/ 
submitted 



Protein 
covered 



Change 



Up-regulated 
Transaldolase [475] 
Isocitrate dehydrogenase [431] 
Moesin [201] 
ot-Enolase [459] 

Down-regulated 
Calponin H2 [240] 



P37837 
075874 
P26038 
P06733 



38/5.95 
46/6.25 
61/6.09 
43/5.64 



34/6.65 



37.5/6.36 
46.7/6,35 
67.8/6.07 
47.2/7.01 



33.7/6.94 



13/17 (76%) 
7/7 (100%) 

11/13 (85%) 
7/10 (70%) 



10/11 (90%) 



% 

33% 
13% 
17% 
17% 

27% 



-fold 

2.5 
2.3 
2.1 
3.8 



0.5 



regulatory factor 3, a known regulator of interferon-stimulated 
gene transcription, is not a direct target of p38 kinase.^ There- 
fore, gene expression analysis of LPS-stimulated PMNs has 
uncovered a previously uncharacterized signal transduction 
system that is sensitive to inhibition of p38 MAPK 
Knowledge of the genes down-regulated by LPS permits the 



development of further hypotheses addressing PMN function in 
the face of infection. Strikingly, several down-regulated genes 
and gene products are structural in nature {e,g. paxOlin, acti- 
nin, calponin H2) (Tables II and V). A known consequence to 
the PMN of LPS exposure is decreased motility (48). Up-regu- 
lation of genes for adhesion molecules (lCAM-1, CD44, AL- 
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15 



27 




Table VI 

Effect ofSB203580 on LPS-stimulated gene expression 

Genes are reported for which the SB203580/control expression ratio 
IS — 0.60. 



Gene I 



-fold 
(SB20; 



ratio 
Control) 



ISG15 

HCR 

Mx-1 

iFise 

PI-9 
EtS'2 
IL-6 
Rel 

LIMSl 

C3AR1 

INDO 

KIAA0105 

SNAP23 

SLPI 

ELNAH2 

HM-74 

PKR 

MAD 

IFIT4 

Glycerol kinase 
IFI54 
IFI58 
IPF35 



0.09 
0.38 
0 
0 

0.57 
0.59 
0.45 
0.50 
0.58 
0.49 
0.35 
0.41 
0.58 
0.58 
0.49 
0.57 
0 

0^1 
0.12 
0 
0 

0.39 
0.46 



Change in 
of SB203580 



-fold 
22.5 
20.8 
19.4 
12.1 
9.5 
7.4 
6.3 
6.2 
6.1 
6.1 
5.2 
5.1 
5.0 
4.7 
4.6 
3.8 
3.7 
3.6 
3.6 
3.6 
3.5 
3.5 
3.0 




Table VII 

Effect ofSB203580 on LPS-stimulated protein expression 



Fig. 2. A, the predicted sequence of the tryptic phosphopeptide in 
PO^-stathmin (1468.72 Da). The peptide mass measured by MALDI- 
TOF MS and the predicted mass differed by 14 ppm. As indicated, two 
alternate phosphorylation sites are possible: serine 16 and serine 25. B, 
PO^-stathmin and stathmin were identified on the control and LPS- 
exposed pH 5,0-6.0 gels. Consistent with phosphorylation, the PO^- 
stathmin spot was distinguished by a peptide of mass 1468.72 Da (i.e. 
80 Da greater than the peptide of 1388.72 Da seen in the stathmin spot). 
Assuming that no other multiply phosphoiylated stathmin species have 
escaped detection, analysis of the integrated intensities of the PO4- 
stathmin and stathmin spots indicates that the percentage of the PO4 
form of total cellular stathmin has increased from 11% to 38% with LPS 
stimulation. The decrease in integrated intensity for stathmin was 
equal in amount to the increase in P04-stathmin following LPS 
exposure. 

CAM, and TSG-6X and down-regulation of genes for structural 
proteins, indicates a genetic basis for this observation. Down- 
regulation of two genes implicated in cytoskeletal regulation, 
Pix-a and RhoB, was also observed. The calcium-binding pro- 
tein S100A4, down-regulated in LPS-treated PMNs (Table II), 
has been implicated in cell motility and metastasis (49). De- 
creased motility may be beneficial in sustaining the inflamma- 
tory response at sites of infection. In addition, LPS treatment 
results in an inhibition of apoptosis (50), Therefore, the longer 
residence time of the PMN at sites of infection is consistent 
with the long term genetically coded changes seen in these 
gene-profiling experiments and indicates that the changes in 
gene expression are functionally relevant to host defense and 
immunity. 

By providing information on post-translational modification, 
the proteomics data may provide further insights into the cy- 



Protein name 



-fold change ratio 
(SB20358Q^ontrol) 



Change in 
absence of 
SB20358O 



Up-regulated 
Proteasome /3 chain 
Annexin III 
Actin fragment [544] 
Actin fragment [5911 
or-Enolase 

Rab-GDP dissociation inhibitor /5 
Glutathione S-transferase P 
Pre-B-cell colony enhancing factor 

Down-regulated 
Adenylyl cyclase-associated protein 1 
Rho-GAPl 
Ficolin 1 



0.8 
0.6 
0.8 
0.8 
0.6 
1.1 
1.2 
1.2 



1.3 
0.8 
1.0 



'fold 

1.51 
1.37 
1.74 
1.60 
1.65 
1.24 
1.54 
1.29 



0.53 
0.67 
0.74 



toskeletal remodeling effects of LPS upon the PMN. We con- 
tend that the actin firagments identified (Table III) are imHkely 
to represent technical artifacts. Rather, their specificity (iden- 
tical molecular weight/pl among different experiments), statis- 
tically significant up-regulation by LPS, as weU as the use of a 
lysis buffer containing chaotropes and multiple protease inhib- 
itors argue instead that these fi-agments are physiologic con- 
sequences of LPS exposure in the human PMN. More specifi- 
cally, the up-regulation of these fi-agments following LPS 
exposure (Table IH) suggests that LPS may activate an actin- 
cleaving enzyme, which, in turn, remodels the cytoskeleton. 
Intriguing in this vein, calpain has recently been reported to 
play an important role in cell migration and cytoskeletal orga- 
nization of fibroblasts (51). The possibihties that LPS may 
induce calpain activation and that calpain activation may reg- 
ulate cytoskeletal reorganization and motility are currently 
under investigation. An alternative possibility is that actin 
cleavage is a marker of neutrophil apoptosis (52). 

Other LPS-regulated proteins may play important roles in 
cytoskeletal reorganization. The up-regulation of protein-ty- 
rosine kinase 9-like (AG-related protein) may modulate LPS- 



31300 



LPS-activated Neutrophils: Microarrays and Proteomics 



Table VUI 

LPS-regulated proteins for which a probe was present on the 
Affymetrix chip 

A comparison of corresponding protein and mRNA transcript changes 
following LPS exposure is shown. 



Protein 



Protein 



mRNA change 



Up-regulated 
Proteasome /? chain 
Leukocyte elastase inhibitor 
Rab-GDI^ 
Grancaldn 
Transaldolase 
Moesin 

Nonmuscle myosin heavy chain 
Glutathione S-transferase P 
Pre-B cell enhancing factor 
Isocitrate dehydrogenase 
P04-stathinin 

Protein phosphatase 1, ^ catalytic subunit 
Annexin III 

Down-regukUed 
Adenylyl cydase-assodated protein 1 
Rho-GAPl 
Fioolin 1 

Adenosy]homoc3rsteinase 
Calponin H2 



1.5 


1.9 1 


2.4 


4.6 T 


1.24 


NC" 


New 


NC 


2.5 


NC 


2.1 


NC 


New 


NC 


1.54 


Absent 


1.29 


Absent 


2.3 


Absent 


2.1 


Absent (stathmin) 


2 


Absent 


3.1 


3.11 


1.9 


2.1 i 


1.5 


2.7 i 


1.4 


1.71 


2,5 


Absent 


2 


NC 



° NC, no measureable change. 

induced actin polymerization, because it bears a high degree of 
homology to twinfilin (A6), an actin monomer-binding protein 
that locahzes to sites of rapid filament assembly in cells and is 
believed to regulate actin filament turnover (53). In turn, LPS- 
induced down-regulation of Rho-GTPase activating protein 1 
(Table IH) may regulate twinfilin (and protein-tyrosine kinase 
9-like) activity, because twinfilin has been shown to colocalize 
with Racl and Cdc42 and to be regulated by active Racl in NIH 
3T3 cells (53). Activation of Rho proteins may be facilitated by 
LPS up-regulation of moesin (Table V), because moesin report- 
edly induces the dissociation of Rho firom GDI (54). Racl may, 
in turn, promote activation of the actin filament-nudeating 
Arp2/3 complex through interactions with WASP (Wiskott-Al- 
drich syndrome protein) family proteins (55) and, interestingly, 
is postulated to regulate the dynamics of both the actin and 
microtubule cytoskeletons via phosphorylation of stathmin (Ta- 
ble IV) (56). Calponin H2 is an actin-binding protein not pre- 
viously reported in PMNs that is postulated to play a role in 
cytoskeletal organization (57). Its down-regulation by LPS (Ta- 
ble V) Hkely modulates LPS-induced cytoskeletal reorganiza- 
tion. The up-regulation of nonmuscle myosin heavy chain and a 
putative phosphorylated form of myosin heavy chain (putative 
protein kinase C substrate by prediction rules) in the LPS- 
exposed PMN (Table IV) is of uncertain significance; myosin 
has been implicated in multiple fiinctions in the PMN, includ- 
ing locomotion, fluid pinocytosis, and phagocytosis (58). Of 
interest, however, S100A4 (down-regulated, Table II) has been 
reported to regulate cytoskeletal dynamics by inhibiting pro- 
tein kinase C-mediated phosphorylation of nonmuscle myosin 
heavy chain (59). 

LPS induction of stathmin phosphorylation (Table IV and 
Fig. 2) may represent another mechanism by which the cy- 
toskeleton is remodeled. Stathmin is a phosphoprotein report- 
edly involved in both signal transduction and in regulation of 
the microtubulin filament network; furthermore, phosphoiyla- 
tion of stathmin has been reported to modulate its tubulin- 
bmding avidity (60). Inferences can be made about both the 
phosphorylation site on P04-stathmin and the responsible ki- 
nase induced by LPS. Four phosphorylation sites in stathmin 
have been well described: Ser^^ Ser^^ Ser^®, and Ser^ (32 33) 



Ser has been reported as a substrate for Ca^^/cahnodulin 
(CaM)-dependent kinases (32), and Ser^^ as primarily a sub- 
strate for p38 and ERK (33), with p34^^*^2 ^^^^^ 
ing a 5-fold preference for Ser^® (34). As stated above, the 
phosphopeptide identified in P04-stathmin, extending from 
residues 15 to 27 (1468.7 Da), is consistent with phosphoiyla- 
tion of either Ser^^ or Ser^^ (Fig. 2), Although both p388 and 
pS8a MAPK isoforms are expressed in the human PMN, LPS 
has been shown to selectively activate the p38a isoform in 
human PMNs (9). The p38a isoform, however, has been shown 
to be relatively inactive at Ser^^; in fact, p388 is 100-fold more 
active at Ser^^, and selective p38a inhibitors do not inhibit the 
stress-activated phosphorylation of stathmin in 293 cells (33), 
Further support for the lack of involvement of p38 signaUng in 
phosphorylation of stathmin in our system is the apparent lack 
of effect of SB203580 (a selective p38a and p38i8 inhibitor) on 
LPS-induced expression of P04-stathmin (Table IV). Because 
p34^ is relatively inactive at Ser^^ (34), we conclude that the 
phosphorylation site is Hkely to be Ser'^, a reported substrate 
of CaM-dependent kinase. Although CaM kinases have previ- 
ously been implicated in gene activation in LPS-exposed my- 
elomonocytic HDll cells (61), stathmin signaling has not, to 
our knowledge, been previously reported in either PMNs or 
hpopolysaccharide signal transduction. 

Cytoskeletal reorganization, a well-described regulator of 
granule release (62), may underhe LPS-induced priming for 
PMN granule release, but several LPS-regulated proteins may 
provide more specific clues. LPS exposure led to increased 
levels of grancalcin, a calcium-binding protein previously de- 
tected in PMNs and shown to translocate to granules and 
plasma membrane in the presence of physiologic concentra- 
tions of calcium (63). Similarly, annexin III, a calcium-binding 
protein highly expressed in PMN granule membranes and im- 
plicated in calcium-mediated secretion (64) and in granule fu- 
sion (65), was also found to be up-regulated. Exocytosis of 
granule contents may also be facilitated by LPS up-regulation 
of Rab-GDP dissociation inhibitor (Table III), which has been 
proposed to recycle Rab after vesicle fiision by extracting it 
fi:t)m the membrane and loading it onto newly formed transport 
intermediates (66). 

Parallel use of DNA microarrays and proteomics affords a 
powerful strategy for comparison of corresponding mRNA tran- 
scripts and proteins, thereby affording new insight into the 
mechanisms by which the cell regulates its signaling responses 
to the external environment. Of interest, a poor correlation was 
found between corresponding transcripts and proteins (Table 
VIII), as reported in other systems (17, 18). The finding in some 
cases of unchanged transcript abundance in the face of regu- 
lated protein levels indicates post-transcriptional modulation 
foUowing LPS exposure. The finding of undetected transcripts 
in the face of regulated levels of the corresponding proteins 
may indicate previous transcription of these genes in an earher 
state of the myeloid maturation of the PMN, producing stable 
protein species that have undergone post-translational alter- 
ation following LPS exposure. The use of SB203580, a p38 
inhibitor, adds further insights into the mechanisms of LPS 
regulation. At the level of mRNA expression, SB203580 inhib- 
ited 23% of LPS-stimulated genes by >40% and 11% of genes 
by ^60%; therefore, p38 plays a specific role in gene regulation 
m the PMN. In particular, proteasome p chain was up-regu- 
lated at both the mRNA transcript and protein level (Table 
VIII), with no notable effect of SB203580 on expression at 
either level, consistent with a non-p38-mediated pathway of 
primary transcriptional up-regulation induced by LPS Simi- 
larly, CAPl, Rho-GAPl, and ficolin 1 were down-regulated at 
both the mRNA transcript and protein level (Table VHI), with 



no notable effect of SB203580, consistent with a non-pSS-me- 
diated pathway of primaiy transcriptional down-regulation. 
Interestingly, annexin III was down-regulated at the transcript 
level and up-regulated at the protein level, with an inhibitory 
effect of SB203580 seen only at the protein level (Table VII) 
consistent with a p38-mediated post-transcriptional up-regula- 
tion induced by LPS. 

Limitations of the present study should be noted. Gene ex- 
pression analysis by cDNA microarrays does not distinguish 
between transcriptional regulation and mRNA stabiHzation; 
similarly, two-dimensional PAGE proteomics by itself does not 
distinguish among transcriptional, translational, or post-trans- 
lational regulation of protein abundance. Transcript detection 
by microarray technology is limited to the probes included; 
protein identification by two-dimensional PAGE proteomics is 
limited to well-resolved regions of the gel, may perform less 
well with hydrophobic and high molecular weight proteins, and 
tends to select for more abundant protein species (30). Harvest- 
ing of the LPS-incubated PMNs at 4 h may have prevented 
detection of earher, transient changes and may have thereby 
mtroduced artifactual transcript-protein discordance. Further- 
more, the post-LPS incubation, pre-two-dimensional PAGE ceU 
washes would be expected to remove secreted proteins from 
further analysis, with uncertain effects on detected protein 
abundance depending on such factors as the degree ofde novo 
synthesis and extent of degranulation/exocytosis. Because pro- 
tein binding of Coomassie Blue has a hmited dynamic range 
and is typically not hnear throughout the range of detection, 
image analysis of Coomassie Blue-stained protein spots should 
be considered semi-quantitative. For some protein spots, the 
apparent magnitude of regulation by LPS may have been 
blunted by the spot approaching staining saturation in the 
control gel. By limiting our analysis to those protein spots 
common to aU twelve pH 3.0-10.0 two-dimensional gels, we 
likely excluded some LPS-regulated proteins that happened to 
be either poorly resolved on a subset of the gels or unmatched 
by the image analysis software. By further limiting the analy- 
sis to those matched spots on the pH 3.0-10.0 gels for which a 
two-tailed t test demonstrated p < 0.05, the hst of regulated 
proteins was likely also hmited by statistical power. In addition 
to those regulated proteins hsted in Table ni, three others were 
up-regulated and three down-regulated with p < 0.09 (data not 
shown). 

Limiting our reported results to those changes that met 
statistical significance among the donors carries further impor- 
tant implications. We have encountered a two order of magni- 
tude range of response in unselected donor LPS-induced PMN 
functions, such as TNF-a and superoxide anion release (data 
not shown). The sources of this physiologic heterogeneity re- 
main uncertain but may possibly include such factors as nat- 
ural mutations of the LPS receptor component, TLR4 (67) By 
selecting for LPS effects common to aU donors, we may not have 
characterized the range of genomic and proteomic heterogene- 
ity present in the population and thereby may have focused on 
only a narrow portion of a broader biological response to LPS 
We contend that this reductionist approach is vahd because it 
would be expected to enrich for biologically integral responses 
of the PMN to LPS. Nevertheless, correlation of genomic and 
proteomic profiles with fimctional phenotypes of the PMN may 
bear important diagnostic and therapeutic impHcations and 
will be pursued in future studies. 

Widespread regulation of numerous noncytokine^chemokine 
genes and proteins in the LPS-stimulated human PMN is a 
novel finding. These data indicate that, despite a narrow scope 
of gene expression in the nonstimulated state, the terminaUy 
differentiated, short-hved PMN likely plays a role in the innate 
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immune response that is far more sophisticated and dynamic 
than the simple release of preformed inflammatory mediators 
Although gene expression appears to be an important mecha- 
msm by which PMNs respond acutely to infection, mRNA tran- 
scnpt/protein concordance is limited, and post-transcriptional 
(and post-translational) modifications also play an important 
role. The alteration of multiple transcriptional regulators G- 
protein regulators, P04-stathmin, and protein phosphatase 1 
mdicates that one of the responses to LPS exposure is to modify 
subsequent signaling events by bacterial components or by 
other cytokines and chemokines. Finally, the finding that p38 
MAPK mediates LPS regulation of a limited subset of tran- 
scripts and proteins underhnes the continuing need to define 
signal transduction cascades in the neutrophil. 
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Paul A. Haynes Proteome analysis: Biological assay or data archive? 

dS rigejs' In this review we examine the current state of proteome ^-J^lysis 'IJer^ 

Ruedi Aebersold J^ee main issues discussed: why it is necessary to ^^^^^^^^^^ 

leomes can be analyzed with current technology; and how proteome analysis 
Department of Molecular ^an be used to enhance biological research, conclude that proteome anal- 

Biotechnology. University of is an essential tool in the understanding of regulated biological sys ems. 

Washington, Seattle, WA, USA ^^^ent technology, while still mostly limited to the more ^^bundant protems^^ 

enables the use of proteome analysis both to establish databases of prot^^^^^ 
present and to perform biological assays involving measurenr;ent of multiple 
vSles believe that the utility of proteome analysis in future biologica 
research will continue to be enhanced by further improvements in analytical 
technology. 

resolution two-dimensional gel electrophoresis (2-DE), 
Contents detected in the gel and identified by their amino acid 

1 Introduction ^^^2 sequence. The ease, sensitivity and speed with which gel- 

2 Rationale for proteome analysis 1862 separated proteins can be identified by the use of recently 

2 1 Correlation between mRNA and protein developed mass spectrometric techniques have drairiati- 

expression levels 1^63 ^ally increased the interest in proteome technology. One 

2 2 Proteins are dynamically modified and pro- ^^^^^ j^qjI attractive features of such analyses is that conri- 

cessed * plex biological systems can potentially be studied in their 

2 3 Proteomes are dynamic and rcHect the entirety, rather than as a multitude of individual compo- 

state of a biological system 1863 ^^^^^ j^^^ j^^kes it far easier to uncover the many com- 

3 Description and assessment of current pro- ^^^^ ^nd oflen obscure, relationships between mature 
teome analysis technology 1863 ggne products in ceUs. Large-scale proteome charactenza- 

3.1 Technical requirements of proteome tech- ^^^^ projects have been undertaken for a number of dil- 

nology 1863 fg^^j^j organisms and cell types. Microbial proteome pro- 

3 2 2D electrophoresis ~ mass spectrometry: a j^^.^^ currently in progress include, for example: Saccharo- 

common implementation of proteome anal> ^^^^^ cerevisiae [21, Salmonella enterica [31, Spiroplasma 

ysis ^^^"^ meUi/erum [A], Mycobacterium tuberculosis 151> 

3 3 Protein identification by LC-MS/MS, capil- anthropi [61 Haemophilus influenzae jV], ^^ynecho- 

lary LC-MS/MS and CE-MS/MS 1865 ^^^-^ jgj^ Escherichia colt [91, Rhizobium legummo- 

3 3.1 LC-MS/MS 1^65 ^^^^^ [iqj Dictyostelium discoideum [ll]. Proteome 

3 3.2 Capillary LC-MS »865 projects underway for tissues. of more complex organ- 

3 3.3 CE-MS/MS : '865 j^^^ mc\u6e those for: human bladder squamous cell 

3 4 Assessment of 2-DE-MS proteome lech- carcinomas [121, human liver 1131, human plasma |lij, 

nologv 1566 ^^^^^ keratinocyles 112), human fibroblasts [Ul mouse 

4 Utility of proteome analysis for biological kidney 112), and rat serum 114). In this manuscript we cri- 
research ^^^^ Ucally assess the concept of proteome analysis and the 

4.1 The proleome as a database 1868 technical feasibility of establishing complete proteome 

4.2 The proteome as a biological assay .... 1868 ^^apj^ and discuss ways in which proteome analysis and 

5 Concluding remarks ^870 biological research intersect. 

6 References ^^'^ 

1 Introduction 2 Rationale for proteome analysis 

A nmteome has been defined as the protein complement The dramatic growth in both the number of genome 

JxS^b^^^^^^^^^ Pr-j^^^^ ^P^^^ which genome sequences 

^ZT,t^:^^^^^ comltemenl expressed by a are being detern.ned has ^^iTl^^^^^^^ 

lissue or differenliated cell HI In the most common im- sequence information for '^"^^'l^^^^^^^^ ^^e 

plemeniation of proteome analysis the proteins extracted genomic sequences (115-171 • ^71^"^ J' ^^^^^^^ 

from the cell or tissue analyzed are separated by high state of a biological system by the ^^^^^^^^^^^ 

ment of system components has long oeen a prmidiy 

^;;;;;;ondence: Professor Ru'ediAcbcfsoid.Deparimeni of Molecuiai objective in molecular biology. With recerii te^;hmca! 
BioiechnoiuRv, Universiiv (,f Washington. Bo.x 357730. Scaitic. wa. advances including the development of ditTerenliai uis- 
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protein analysis technology. Given the long-standing 
paradigm in biology that DNA synthesizes RNA which 
synthesizes protein, and the ability to rapidly establish 
global, quantitative tnRNA expression maps, the ques- 
tions which arise are why technically complex proteome 
projects should be undertaken and what specific types of 
information could be expected from proteome projects 
which cannot be obtained from genomic and transcript 
profiling projects. We see three main reasons for pro- 
teome analysis to become an essential component in the 
comprehensive analysis of biological systems, (i) Protein 
expression levels are not predictable from the mRNA 
expression levels, (ii) proteins are dynamically modified 
and processed in ways which are not necessarily 
apparent from the gene sequence, and (iii) proleomes 
are dynamic and reflect the state of a biological system. 

2J Correlation between mRNA and protein expression 
levels 

Interpretations of quantitative mRNA expression profiles 
frequently implicitly or explicitly assume that for specific 
genes the transcript levels are indicative of the levels of 
protein expression. As part of an ongoing study in our 
laboratory, we have determined the correlation of expres- 
sion at the mRNA and protein levels for a population of 
selected genes in the yeast Saccharomyces cerevisiae 
growing at mid-log phase (S. R Gygi et a/., submitted for 
publication). mRNA expression levels were calculated 
from published SAGE frequency tables [22]. Protein 
expression levels were quantified by metabolic radiola- 
beling of the yeast proteins, liquid scintillation counting 
of the protein spots separated by high resolution 2-DE 
and mass spectromelric identificalion of the protein(s) 
migrating to each spot. The selected 80 samples consti- 
tute a relatively homogeneous group with respect to pre- 
dicted half-life and expression level of the protein pro- 
ducts. Thus far, we have found a general trend but no 
strong correlation between protein and transcript levels 
(Fig. 1). For some genes studied equivalent mRNA trans- 
cript levels translated into protein abundances which 
varied by more than 50-fold. Similarly, equivalent steady- 
state protein expression levels were maintained by trans- 
cript levels varying by as much as 40-fold (S. P. Gygi 
et o/., submitted) These results suggests that even for a 
population of genes predicted to be relatively homoge- 
neous with respect to protein half-life and gene expres- 
sion, the protein levels cannot be accurately predicted 
from the level of the corresponding mRNA transcript. 

2.2 Proteins are dynamically modified and processed 

In ihe mature, biologically active form many proteins are 
post-lranslationally modified by glycosylation, phosphor- 
ylation, prenylation, acylation, ubiquilination or one or 
more of many other modincalions [231 and many pro- 
teins are only functional if specifically associated or com- 
plexed with other molecules, including DNA, RNA, pro- 
teins and organic and inorganic cofaclors. Frequently, 
modifications are dynamic and reversible and may alter 
the precise three-dimensional structure and the slate of 
rtctivity ol a protein. Collectively, the slate of modifica- 
tiun of Ihe proteins which constitute a biological system 
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Figure I. Correlation between mRNA and protein levels in yeast cells. 
For a selected population of 80 genes, protein levels were measured 
by "-S-radiolabeling and mRNA levels were calculated from publi- 
shed SAGE tables. Inset: expanded view of the low abundance region. 
For more experimental details, also sec Figs. 5 and 6, (S. P. Gygi et al, 
submitted). 



are important indicators for the stale of the system. The 
type of protein modification and the sites modified at a 
specific cellular state can usually not be determined 
from the gene sequence alone. 

2.3 Proteomes are dynamic and reflect Ihe state of a 
biological system 

A single genome can give rise to many qualitatively and 
quantitatively different proteomes. Specific stages of the 
cell cycle and states of differentiation, responses to 
growth and nutrient conditions, temperature and stress, 
and pathological conditions represent cellular states 
which are characterized by significantly different pro- 
teomes. The proteome, in principle, also reflects events 
that are under translational and post-translational con- 
trol. It is therefore expected that proteomics will be able 
to provide the most precise and detailed molecular des- 
cription of the state of a cell or tissue, provided thai the 
external conditions defining the state are carefully deter- 
mined. In answer to the question of whether the study 
of proteomes is necessary for the analysis of biomolec- 
ular systems, it is evident that the analysis of mature pro- 
tein products in cells is essential as there are numerous 
levels of control of protein synthesis, degradation, 
processing and modification, which are only apparent by 
direct protein analysis. 



3 Description and assessment of current proteome 
analysis technology 

3.1 Technical requirements of proteome technology 

In biological systems the level of expression as well as 
the states of modification, processing and macro-molec- 
ular association of proteins are controlled and modu- 
lated depending on the slate of the system. Comprehen- 
sive analysis of the identity, quantity and state of modifi- 
cation of proteins therefore requires the detection and 
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quantitation of the proteins which constitute the system, 
and analysis of differentially processed forms. There are 
a number of inherent difficulties in protein analysis 
which complicate these tasks. First, proteins cannot be 
amplified. It is possible to produce large amounts of a 
particular protein by over-expression in specific cell sys- 
tems. However, since many proteins are dynamically 
post-translationally modified, they cannot be easily am- 
plified in the form in which they fmally function in the 
biological system. It is frequently difficult to purify from 
the native source sufficient amounts of a protein for 
analysis. From a technological point of view this trans- 
lates into the need for high sensitivity analytical tech- 
niques. Second, many proteins are modified and pro- 
cessed post-translatipnaliy. Therefore, in addition to the 
protein identity, the structural basis for differentially 
modified isoforms also needs to be determined. The dis- 
tribution of a constant amount of protein over several 
differentially modified isoforms further reduces the 
amount of each species available for analysis. The com- 
plexity and dynamics of post-translational protein edit- 
ing thus significantly complicates proteome studies. 
Third, proteins vary dramatically with respect to their 
solubility in commonly used solvents. There are few, if 
any, solvent conditions in which all proteins are soluble 
and which are also compatible with protein analysis. This 
makes the development of protein purification methods 
particularly difficult since both protein purification and 
solubility have to be achieved under the same condi- 
tions. Detergents, in particular sodium dodecyl sulfate 
(SDS), are frequently added to aqueous solvents to 
maintain protein solubility. The compatibility with SDS 
is a big advantage of SDS polyacrylamide gel electro- 
phoresis (SDS-PAGE) over other protein separation 
techniques. Thus, SDS-PAGE and two-dimensional gel 
electrophoresis, which also uses SDS and other deter- 
gents, are the most general and preferred methods for 
the purification of small amounts of proteins, provided 
that activity does not necessarily need to be maintained. 
Lastly, the number of proteins in a given cell system is 
typically in the thousands. Any attempt to identify and 
categorize all of these must use methods which are as 
rapid as possible to allow completion of the project 
within a reasonable time frame. Therefore, a successful, 
general proteomics technology requires high sensitivity, 
high throughput, the ability to differentiate differentially 
modified proteins, and the ability to quantitatively dis- 
play and analyze all the proteins present* in a sample. 

3.2 2-D electrophoresis - mass spectrometry: a common 
iniplemenfalion of proteome analysis 

The most common currently used implementation of 
proteome analysis technology is based on the separation 
of proteins by two-dimensional (lEF/SDS-PAGE) gel 
electrophoresis and their subsequent identification and 
analysis by mass spectrometry (MS) or tandem mass 
speciromelry (MS/MS), In 2-DE, proteins are first separ- 
ated by isoclcciric focusing (lEF) and Ihen by SDS- 
1V\GE, in the second, perpendicular dimension. Separ- 
iited proteins are visualized at high sensitivity by staining 
or autoradiography, producing two-dimensional arrays of 
proteins. 2-DE gels .ire, ai present, the most commonly 
used means of global display of proteins in complex 
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samples. The separation of thousands of proteins has 
been achieved in a single gel {24, 251 and differentially 
modified proteins are frequently separated. Due to the 
compatibility of 2-DE with high concentrations of deter- 
genls» protein denaturants and other additives promoting 
protein solubility, the technique is widely used. 

The second step of this type of proteome analysis is the 
identification and analysis of separated proteins. Individ- 
ual proteins from polyacrylamide gels have traditionally 
been identified using Mterminal sequencing (26, 271, 
internal peptide sequencing |28, 291. immunoblotting or 
comigration with known proteins 130). The recent dra- 
matic growth of large-scale genomic and expressed 
sequence tag (EST) sequence databases has resulted in a 
fundamental change in the way proteins are identified by 
their amino acid sequence. Rather than by the traditional 
methods described above, protein sequences are now fre- 
quently determined by correlating mass spectral or 
tandem mass spectral data of peptides derived from pro- 
teins, with the information contained in sequence data- 
bases [31-~331. 

There are a number of alternative approaches to pro- 
teome analysis currently under development. There is 
considerable interest in developing a proteome. analysis 
stragegy which bypasses 2-DE altogether, because it is 
considered a relatively slow and tedious process, and 
because of perceived difficulties in extracting proteins 
from the gel matrix for analysis. However, 2-DE as a 
starting point for proteome analysis has many advan- 
tages compared Ito other techniques available today. The 
most significant strengths of the 2-DE-MS approach 
include the relatively uniform behavior of proteins in 
gels, the ability to quantify spots and the high resolution 
and simultaneous display of hundreds to thousands of 
proteins within a reasonable time frame. 

A schematic diagram of a typical "procedure of the identi- 
fication of gel-separated proteins is shown in Fig. 2. Pro- 
tein spots detected in the gel are enzymatically or chemi- 
cally fragmented and the peptide fragments are isolated 
for analysis, as already indicated, most frequently by MS 
or MS/MS. There are numerous protocols for the gener- 
ation of peptide fragments from gel-separated proteins. 
They can be grouped into two categories, digestion in 
the gel slice (28. 34] or digestion after electrotransfer out 
of the gel onto a suitable membrane ((29, 35-37) and 
reviewed in [38]). In most instances either technique is 
applicable and yields good results. The analysis of MS or 
MS/MS data is an important step in the whole process 
because MS instruments can generate an enormous 
amount of information which cannot easily be managed 
manually. Recently, a number of groups have developed 
software systems dedicated to the use of peptide MS 
and MS/MS spectra for the identification of proteins. 
Proteins are identified by correlating the information 
contained in the MS spectra of protein digests or 
MS/MS spectra of individual peptides wiih data con- 
tained in DNA or protein sequence databases. 

File systems we are currently using in our laboratory are 
based on the separation of the peptides contained in pro- 
tein digests by narrow bore or capillary liquid chromatog- 
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figure 2. Schematic diagram of a procedure for idem ifica lion of gel- 
separated proteins. Peptides can either be separated by a technique 
such as LC or CE, or infused as a mixiurc and sorted in the MS. Data- 
base searching can either be performed on peptide masses from an 
MS spectrum, peptide fragment masses from CID spectra of peptides, 
or a combination of both. 



raphy (39, 40] or capillary electrophoresis [41], the anal- 
ysis of the separated peptides by electrospray ioniza- 
tion (ESI) MS/MS, and the correlation of the generated 
peptide spectra with sequence databases using the 
SEQUEST program developed at the University of Wash- 
ington (32, 33J. The system automatically performs the 
following operations: a particular peptide ion character- 
ized by its mass-to-charge ratio is selected in the MS out 
of all the peptide ions present in the system at a parti- 
cular time; the selected peptide ion is collided in a colli- 
sion cell with argon (collision-induced dissociation, 
CID) and the masses of the resulting fragment ions are 
determined in the second sector of the tandem MS; this 
experimentally determined CID spectrum is then corre- 
lated with the CID spectra predicted from all the pep- 
tides in a sequence database which have essentially the 
same mass as the peptide selected for CID; this correla- 
tion matches the isolated peptide with a sequence seg- 
ment in a database and thus identifies the protein from 
which the peptide was derived. There arc a number of 
alternative programs which use peptide CID spectra for 
protein identification, but we use the SEQUEST system 
because it is currently the most highly automated pro- 
gram and has proven to be successful, versatile and 
robust. 



required. As an approximate guideline, for samples con- 
taining tens of picomoles of peptides, LC-MS/MS is 
most appropriate; for samples containing low picomole 
amounts to high femtomole amounts we use capillary 
LC-MS/MS; and for samples containing femtomoles or 
less, CE-MS/MS is the method of choice. 

3.3.1 LC-MS/MS 

The coupling of an MS to an HPLC system using a 
0.5 mm diameter or bigger reverse phase (RP) column 
has been described in detail [42]. This system has several 
advantages if a large number of samples are to be ana- 
lyzed and all are available in sufficient quantity. The 
LC-MS and database searching program can be run in a 
fully automated mode using an autosampler, thus maxi- 
mizing sample throughput and minimizing the need for 
operator interference. The relatively large column is 
tolerant of high levels of impurities from either gel prep- 
aration or sample matrix. Lastly, if configured with a 
flow-splitter and micro-sprayer [40], analyses can be per- 
formed on a small fraction of the sample (less than 5%) 
while the remainder of the sample is recovered in very 
pure solvents. This latter feature is particularly useful 
when an orthogonal technique is also used to analyze 
peptide fractions, such as scintillation of an introduced 
radiolabel, and this data can be correlated with peptides 
identified by CID spectra. 

3.3.2 Capillary LC-MS 

An increase of sensitivity of approximately tenfold can be 
achieved by using a capillary LC system with a 100 pm ID 
column rather than a 0.5 mm ID column as referred to 
above. Since very low flow rates are required for such 
columns, most reports have used a precolumn flow split- 
ting system for producing solvent gradients. We have 
recently desribed the design and construction of a novel 
gradient mixing system which enables the formation 
of reproducible gradients at very low flow rates (low 
nL/min) without the need for flow splitting (A. Ducret 
ei al., submitted for publication). Using this capillary 
.LC-MS/MS system we were able to identify gel-separat- 
ed proteins if low picomole to high femtomole amounts 
were loaded onto the gel (40J. This system is as yet not 
automated and, like all capillary LC systems, is prone to 
blockage of the columns by microparticulates when ana- 
lyzing gel-separated proteins. 



3.3 Protein identification by LC-MS/MS, capillary 
LC-MS/MS and CE-MS/MS 

li has been demonstrated repeatedly that MS has a very 
high intrinsic sensitivity. For the routine analysis of gel- 
separated proteins at high sensitivity, the most signif- 
icant challenge is iUq handling of small amounts of 
satnplc. The crux of the problem is the extraction and 
transferal ol peptide mixtures generated by the digestion 
of low nanogram amounts of protein, from gels into the 
MS/MS system without significant loss of sample or 
introduction of unwanted contaminants. We employ 
three dilTcrcnt systems lor introducing gel-purified sanv 
ple^ inio an MS, depending on the level of sensitivity 



3.3.3 CE-MS/MS 

The highest level uf sensitivity for analyzing gel-sep- 
arated proteins can be achieved by using capillary elec- 
trophoresis — mass spectrometry (CE-MS). We have de- 
scribed in the past a solid-phase extraction capillary elec- 
trophoresis (SPE-Cfi) system which was used with triple 
quadrupole and ion trap ESI-MS/MS systems for the 
identification of proteins at the low femtomole to sub- 
femtomole sensitivity level (43, 441. While this system is 
highly sensitive, its operation is labor-intensive and its 
operation has not been automated. In order to devise an 
analytical system with both the sensitivity of a CE and 
the level of automation of LC, we have constructed 
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Figure 3. Schematic illuslralion of a 
microfabricaled analyiical sysicm for CE» 
consisting of a micromachlned device, 
coated capillary eleciroosmotic pump, 
and microelectrospray interface. The 
dimensions of the channels and reservoir 
are as indicated in the text. The channels 
on the device were graphically enhanced 
to make them more visible. Reproduced 
from (45K with permission. 



microfabricaled devices for the introduclion of samples 
into ESI-MS for high-sensitivity peptide analysis. 

The basic device is a piece of glass into which channels 
of 10-30 um in depth and 50-70 pm in diameter are 
etched by using photolithography/etching techniques 
siniilar to the ones used in the semiconductor industry. 
(A simple device is shown in Fig. 3). The channels are 
connected to an externa! high voltage power supply [45]. 
Samples are manipulated on the device and off the 
device to the MS by applying different potentials to the 
reservoirs. This creates a solvent flow by electroosmotic 
pumping which can be redirected by changing the posi- 
tion of the electrode. Therefore, without the need for 
valves or gates and without any external pumping, the 
flow can be redirected by simply switching the position 
of the electrodes on the device. The direction and rate of 
the flow can be modulated by the size and the polarity 
of the electric field applied and also by the charge state 
of the surface. 

The type of data generated by the system is illustrated in 
Fig. 4, which shows the mass spectrum of a peptide sample 
representing the tryptic digest of carbonic anhydrase at 
290 fmol/pL. Each numbered peak indicates a peptide suc- 
cessfully identified as being derived from carbonic an- 



hydrase. Some of the unassigned signals may be chemical 
or peptide contaminants. The MS is programmed to auto- 
matically select each peak and subject the peptide to CID. 
The resulting CID spectra are then used to identify the 
protein by correlation with sequence databases. Therefore, 
this system allows us to concurrently apply a number of 
protein digests onto the device, to sequentially mobilize 
the samples, to automatically generate CID spectra of 
selected peptide ions and to search sequence databases 
for protein identification. These steps are performed auto- 
matically without the need for user input and proteins can 
be identified at very low femtomole level sensitivity at a 
rate of approximately one protein per 15 min. 

3.4 Assessment of 2-DE-MS proteome technology 

Using a combination of the analytical techniques de- 
scribed above we have identified the 80 protein spots 
indicated in Fig. 5. The protein pattern was generated by 
separating a total of 40 microgram of protein contained 
in a total cell lysate of the yeast strain YPH499 by high 
resolution 2-DE and silver staining of the separated pro- 
teins. To estimate how far this type of proteome analysis 
can penetrate towards the identification of low abun- 
dance proteins, we have calculated the codon bias of the 
genes encoding the respective proteins. Codon bias is a 




Figure 4. MS spectrum of a uyplic digest 
of carbonic anhydrase using the microfa- 
bricated system shown in Fig. 3. 290 
fmol/ML of carbonic anhydrase tryptic 
digest was infused into a Finnigan I.CQ 
ion trap MS. Each peak was selected foi 
CID, and those which were idenliHed as 
containing peptides derived from car- 
bonic anhydrase arc numbered. Repro- 
duced from f45|. with permission. 




calculated measure of the degree of redundancy of trip- 
let DNA codons used to produce each amino acid in a 
particular gene sequence. It has been shown to be a 
useful indicator of the level of the protein product of a 
particular gene sequence present in a cell [46). The gen- 
eral rule which applies is that the higher the value of the 
codon bias calculated for a gene, the more abundant the 
protein product of that gene becomes. The calculated 
codon bias values corresponding to the proteins identi- 
fied in Fig. 5 are shown in Fig. 6b. Nearly alt of the pro- 
teins identified (> 95%) have codon bias values or> 0.2, 
indicating ihcy are highly abundant in cells. In contrast, 
ges, codon bias values calculated for the entire yeast genome 

ofa- (Pig- 6a) show that the majority of proteins present in 

290 the proteonie have a codon bias of < 0.2 and arc thus of 

Piic low abundance. 

CO 

^^^'^ This finding is of considerable importance in our assess- 

(.jf. menl of the current status of proieome analysis lechnol- 

pio- ' ^UV- It is clear thai even using highly sensitive analytical 

iechnigiies, we are only able to visualize and identify the 



more abundant proteins. Since many important regula- 
tory proteins are present only at low abundance, these 
would not be amenable to analysis using such tech- 
niques. This situation would be exacerbated in the anal- 
ysis of proteomes containing many more proteins lhan 
the approximately 6000 gene products present in yeast 
cells 1161. In the analysis of, for example, the proieome 
of any human cells, there are potentially 50000-100 000 
gene products (471. Inherent limitations on the amount 
of protein that can be loaded on 2-DE, and the number 
of components that can be resolved, indicate that only 
the most highly abundant fraction of the many gene 
products could be successfully analyzed. One approach 
that has been employed to circumvent these limitations 
is the use of very narrow range immobilized pH gradient 
strips for the first-dimension separation of 2-DE [481. 
Since only those proteins which focus within the narrow 
range will enter the second dimension of separation, a 
much higher sample loading within the desired range is 
possible. This, in turn, can lead to the visualization and 
identification of less abundant proteins. 
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Figure 6. Calculated codon bias values for yeast proieins. (A) Distribu- 
tion of calculated values for the entire yeast proteome. (B) Distribu- 
tion of calculated values for the subset of 80 identified proteins also 
shown in Figs, t and 5. Further details of experimental procedures are 
included in S. P. Gygi et at. (submitied). 



4 UUIily of proteome analysis for biological 
research 

For the success of proteomics as a mainstream approach 
to the analysis of biological systems it is essential to 
define how proteome analysis and biological research 
projects intersect. Without a clear plan for the implemen- 
tation of proteome-type approaches into biological re- 
search projects the full impact of the technology can not 
be realized. The literature indicates that proteome anal- 
ysis is used both as a database/data archive, and as a bio- 
logical assay or biological research tool. 

4.1 The proCeome as a database 

The use of proteomics as a database or data archive 
essentially entails an attempt to identify all the proteins 
in a cell or species and to annotate each protein with the 
known biological information that is relevant for each 
protein. The level of annotation can, of course, be exten- 
sive. Hie most common implementation of this idea is 
the separation of proteins by high resolution 2-DE, the 
identification of each detected protein spot and the 
annotation of the protein spots in a 2-DE gel database 
format. Tliis approach is complicated by the fact that ii is 
difTicull to precisely define a proteome and to decide 
which proteome should be represented in the database. 
In contrast to the genome of a species, which is essen- 
tially static, the proteome is highly dynamic. Processes 
such as difTerenliation, cell activation and disease can all 
significjintly change the proteome of a species. This is 
illustrated in Fig. 7. Tlie figure shows two high-rcsolu- 



tion 2-DE maps of proteins isolated from rat serum. 
Fig. 7A is from the serum of normal rals, while Fig. 7B 
is from the serum of rats in acute-phase serum after 
prior treatment with an inflammation-causing agent (49). 
It is obvious that the protein patterns are significantly 
different in several areas, raising the question of exactly 
which proteome is being described. 

Therefore, a comprehensive proteome database of a spe- 
cies or cell type needs to contain all of the parameters 
which describe the state and the type of the cells from 
which the proteins were extracted as well as the software 
tools to search the database with queries which reflect 
the dynamics of biological systems. A comprehensive 
proteome database should be capable of quantitatively 
describing the fate of each protein if specific systems 
and pathways are activated in the cell. Specifically, the 
quantity, the degree of modification, the subcellular loca- 
tion and the nature of molecules specifically interacting 
with a protein as well as the rate of change of these 
variables should be described. Using these admittedly 
stringent criteria, there is currently no comlete proteome 
database. A number of such databases are, however, in 
the process of being constructed. The most advanced 
among them, in our opinion, are the yeast protein data- 
base YPD (50) (accessible at hUp://www.ypd.com) and 
the human 2D-PAGE databases of the Danish Centre 
for Human Genome Research [12] (accessible at http:// 
biobase.dk/cgi-bin/ceits). While neither can be con- 
sidered complete as not all of the potential gene pro- 
ducts are identified, both contain extensive annotation 
of supplemental information for many of the spots 
which are positively identified in reference samples. 

4.2 The proteome as a biological assay 

The use of proteome analysis as a biological assay or 
research tool represents an alternative approach to inte- 
grating biology with proteomics. To investigate the state 
of a system, samples are subjected to a specific proceess 
that allows the quantitative or qualitative measurement 
of some of the variables which describe the system. In 
typical biochemical assays one variable {e,g.^ enzyme 
activity) of a single component (e.g., a particular en- 
zyme) is measured. Using proteomics as an assay, mul- 
tiple variables {e.g., expression level, rale of synthesis, 
phosphorylation state, etc.) are measured concurrently 
on many (ideally all) of the proteins in a sample. The 
use of proteomics as an assay is a less far-reaching prop- 
osition than the construction of a comprehen.sive pro- 
teome database. It does, however, represent a pragmatic 
approach which can be adapted to investigate specific 
systems and pathways, as long as the interpretation of 
the results takes into account that with current technol- 
ogy not all of the variables which describe the system 
can be observed (see Section 3.4). 

A common implementation of proteome analysis as a 
biological assay is when a 2-Dl£ protein pattern gener- 
ated from the analysis of an experimental sample is 
compared to an array of reference patterns representing 
different states of the system under investigation. The 
state of the experimenial system at the time the sample 
was generated is therefore determined by the quantita- 
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live comparative analysis ot hundreds to a few thousand 
proteins. Comparative analysis of the 2-DE patterns fur- 
thermore highlights quantitative and qualitative differ- 
cnces in the protein profiles which correlate with the 
stale of the system. For this type of analysis it is not 
essential that all the proteins are identified or even visu- 



alized» although the results become more informative as 
more proteins are compared. It is obvious, however, that 
the possibility to identify any protein deemed character^ 
istic for a particular state dramatically enhances this 
approach by opening up new avenues for experimenta- 
tion. 
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f iRu.-r 7 High icsolutK^n 2-Ul: map of proteins isolated from lat seium with or without prior exposure to an inflam- 
niai:on-c:iusing a^cMU, (A) imrtiinl rat serum, (K) aculc-phasc scrum from rats which had previously been exposed to 
an infhmi-nnlion caiisint! .ipenl. The first dimension of separation is an IPG fiom pH 4-IU. and the second dimcn- 
MfMi IS a 17 gindicnt SDS I'AGC get. Proleins were visuahzed by stainine with .imido hiack Further ddaiis 
f cxpcunu^ni.i! prucedutes are included in (H, 49). 
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Proleome analysis as a biological assay has been success- 
fully used in the field of toxicology, to characterize 
disease states or to study diflerenlial activation of cells. 
The approach is limited, of course, by the fact that only 
the visible protein spots are included in the assay, and it 
is well known that a substantial but far from complete 
fraction of cellular proteins are detected if a total cell 
lysate is separated by 2-DE. Proteins may not be 
detected in 2-DE gels because they are not abundant 
enough to be visualized by the detection method used, 
because they do not migrate within the boundaries (size, 
pi) resolved by the gel, because they are not soluble 
under the conditions used, or for other reasons. 

A different way to use proteome analysis as a biological 
assay to defme the state of a biological system is to take 
advantage of the wealth of information contained in 
2-DE protein patterns. 2-DE is referred to as two-dimen- 
sional because of the electrophoretic mobility and the 
isoelectric points which defme "the position of each pro- 
tein in a 2-DE pattern. In addition to the two dimen- 
sions used to generate the protein patterns, a number of 
additional data dimensions are contained in the protein 
patterns. Some of these dimensions such as protein 
expression level, phosphorylation state, subcellular loca- 
tion, association with other proteins, rate of synthesis or 
degradation indicate the activity slate of a protein or a 
biological system. Comparative analysis of 2-DE protein 
patterns representing different states is therefore ideally 
suited for the detection, identification and analysis of 
suitable markers. Once again it must be emphasized that 
in this type of experiment only a fraction of the cellular 
proteins is analyzed. Since many regulatory proteins are 
of low abundance, this limitation is a concern, particu- 
larly in cases in which regulatory pathways are being 
investigated. 

5 Concluding remarks 

In this report we have addressed three main issues 
related to proleome analysis. First, we have discussed 
the rationale for studying proteomes. Second, we have 
assessed the technical feasibility of analyzing proteomes 
and described current proteome technology, and third, 
we have analyzed the utility of proteome analysis for bio- 
logical research. It is apparent that proteome analysis is 
an essential tool in the analysis of biological systems. 
The multi level control of protein synthesis and degrada- 
tion in cells means that only the direct analysis of 
mature protein products can reveal their correct identi- 
ties, their relevant state of niodificalion and/or associa- 
tion and their amounts. Recently clevelopeti methods 
have enabled the identification of proteins at ever- 
increasing sensitivity levels and at a high level of auto- 
mation of the analytical processes. A number of tech- 
nical challenges, however, remain. While it is currently 
possible to identify essentially any protein spots that can 
be visualized by common staining methods, it is ap- 
parent th;il without prior enrichment only a relaiively 
small and highly selected population of long-lived, 
highly expressed protein.s is observed. There are many 
mare proteins in ;i given cell which are not visualized by 
such methods. Frequently ii is the low abundance pro- 
teins thai execute key regulatory functions. 



We have outlined the two principal ways proteome anal- 
ysis is currently being used to intersect with biological 
research projects: the proteome as a database or data 
archive and proteome analysis as a biological assay. Both 
approaches have in common that at present they are con- 
ceptually and technically limited. Current proteome data- 
bases typically are limited to one cell type and one state 
of a cell and therefore do not account for the dynamics 
of biological systems. The use of proteome analysis as a 
biological assay can provide a wealth of information, but 
it is limited to the proteins detected and is therefore not 
truly proteome-wide. These limitations in proteomics are 
to a large extent a reflection of the fact that proteins in 
their fully processed form cannot easily be amplified and 
are therefore difficult to isolate in amounts sufficient for 
analysis or experimentation. The fact that to date no 
complete proteome has been described further attests to 
these difficulties. With continued rapid progress in pro- 
tein analysis technology, however, we anticipate that the 
goal of complete proteome analysis will eventually 
become attainable. 
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We have determined the relationship between mRNA and protein expression levels for selected genes 
expressed in the yeast Saccharomyces cerevisiae growing at mid-log phase. The proteins contained in total yeast 
cell lysate were separated by high-resolution two-dimensional (2D) gel electrophoresis. Over 150 protein spots 
were excised and identified by capillary liquid chromatography-tandem mass spectrometry (LC-MS/MS). 
Protein spots were quantified by metabolic labeling and scintillation counting. Corresponding mRNA levels 
were calculated from serial analysis of gene expression (SAGE) frequency tables (V. E. Velculescu, L. Zhang, 
W. Zhou, J. Vogelstein, M. A. Basrai, D. E. Bassett, Jr., P. Hieter, B. Vogelstein, and K. W. Kinzler, Cell 
88:243-251, 1997). We found that the correlation between mRNA and protein levels was insufficient to predict 
protein expression levels from quantitative mRNA data. Indeed, for some genes, while the mRNA levels were 
of the same value the protein levels varied by more than 20-fold. Conversely, invariant steady-state levels of 
certain proteins were observed with respective mRNA transcript levels that varied by as much as 30-fold. 
Another interesting observation is that codon bias is not a predictor of either protein or mRNA levels. Our 
results clearly delineate the technical boundaries of current approaches for quantitative analysis of protein 
expression and reveal that simple deduction from mRNA transcript analysis is insufficient. - 



The description of the state of a biological system by the 
quantitative measurement of the system constituents is an es- 
sential but largely unexplored area of biology. With recent 
technical advances including the development of differential 
dispIay-PCR (21), of cDNA microarray and DNA chip tech- 
nology (20, 27), and of serial analysis of gene expression 
(SAGE) (34, 35), it is now feasible to establish global and 
quantitative mRNA expression profiles of cells and tissues in 
species for which the sequence of all the genes is known. 
However, there is emerging evidence which suggests that 
mRNA expression patterns are necessary but are by them- 
selves insufficient for the quantitative description of biological 
systems. This evidence includes discoveries of posttranscrip- 
tional mechanisms controlling the protein translation rate (15), 
the half-lives of specific proteins or mRNAs (33), and the 
intracellular location and molecular association of the protein 
products of expressed genes (32). 

Proteome analysis, defined as the analysis of the protein 
complement expressed by a genome (26), has been suggested 
as an approach to the quantitative description of the state of a 
biological system by the quantitative analysis of protein expres- 
sion profiles (36). Proteome analysis is conceptually attractive 
because of its potential to determine properties of biological 
systems that are not apparent by DNA or mRNA sequence 
analysis alone. Such properties include the quantity of protein 
expression, the subcellular location, the state of modification, 
and the association with ligands, as well as the rate of change 
with time of such properties. In contrast to the genomes of a 
number of microorganisms (for a review, see reference II) and 
the transcriptome of Saccharomyces cerevisiae (35). which have 
been entirely determined, no proteome map has been com- 
pleted to date. 

The most common implementation of proteome analysis is 
the combination of two-dimensional gel electrophoresis (2DE) 
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(isoelectric focusing-sodium dodecyl sulfate [SDS]-polyacryl- 
amide gel electrophoresis) for the separation and quantitation 
of proteins with analytical methods for their identification. 
2DE permits the separation, visualization, and quantitation of 
thousands of proteins reproducibly on a single gel (18, 24). By 
itself, 2DE is strictly a descriptive technique. The combination 
of 2DE with protein analytical techniques has added the pos- 
sibility of establishing the identities of separated proteins (1, 2) 
and thus, in combination with quantitative mRNA analysis, of 
correlating quantitative protein and mRNA expression mea- 
surements of selected genes. 

The recent introduction of mass spectrometric protein anal- 
ysis techniques has dramatically enhanced the throughput and 
sensitivity of protein identification to a level which now permits 
the large-scale analysis of proteins separated by 2DE. The 
techniques have reached a level of sensitivity that permits the 
identification of essentially any protein that is detectable in the 
gels by conventional protein staining (9, 29). Current protein 
analytical technology is based on the mass spectrometric gen- 
eration of peptide fragment patterns that are idiotypic for the 
sequence of a protein. Protein identity is established by corre- 
lating such fragment patterns with sequence databases (10, 22, 
37). Sophisticated computer software (8) has automated the 
entire process such that proteins are routinely identified with 
no human interpretation of peptide fragment patterns. 

In this study, we have analyzed the mRNA and protein levels 
of a group of genes expressed in exponentially growing cells of 
the yeast 5. cerexisiae. Protein expression levels were quantified 
by metabolic labeling of the yeast proteins to a steady state, 
followed by 2DE and liquid scintillation counting of the se- 
lected, separated protein species. Separated proteins were 
identified by in-gel tryptic digestion of spots with subsequent 
analysis by microspray liquid chromaiography-tandem mass 
spectrometry (LC-MS/MS) and sequence database searching. 
The corresponding mRNA transcript levels were calculated 
from SAGE frequency tables (35). 

This study, for the first time, explores a quantitative com- 
parison of mRNA tran.scripi and protein expression levels for 
a relatively large number of genes expressed in the same met- 
abolic state. The resultant correlation is insufficient for prcdic- 
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FIG. 1. Schematic illustration of protcomc analysis by 2DE and mass spectrometry. In part 1, proteins arc separated by 2DE, stained spots arc excised and subjected 
to in-gel digestion with trypsin, and the resulting peptides are separated by on-line capillary high-performance liquid chromatography. In part II. a peptide is shown 
etuting from the column in part I. The peptide is ionized by electrospray ionization and enters the mass spectrometer. The mass of the ionized peptide is detected, and 
the first quadrupole mass filter allows only the specific mass-to-charge ratio of the selected peptide ion to pass into the collision cell. In the collision cell, the energized, 
ionized peptides collide with neutral argon gas molecules. Fragmentation of the peptide is essentially random but occurs mainly at the peptide bonds, resulting in smaller 
peptides of differing lengths (masses). These peptide fragments are detected as a tandem mass (MS/MS) spectrum in the third quadrupole mass filter where two ion 
series are recorded simultaneously, one each from sequencing inward from the N and C termini of the peptide, respectively. In part III, the MS/MS spectrum from the 
selected, ionized peptide is compared to predicted tandem mass spectra computer generated from a sequence database. Provided that the peptide sequence exists in 
the database, the peptide and, by association, the protein from which the peptide was derived can be identified. Unambiguous protein identification is attained in a single 
analysis because multiple peptides arc identified as being derived from the same protein. 



tion of protein levels from mRNA transcript levels. We have 
also compared the relative amounts of protein and mRNA 
with the respective codon bias values for the corresponding 
genes. This comparison indicates that codon bias by itself is 
insufficient to accurately predict either the mRNA or the pro- 
tein expression levels of a gene. In addition, the results dem- 
onstrate that only highly expressed proteins are delectable by 
2DE separation of total cell lysates and that therefore the 
construction of complete proteome maps with current technol- 
ogy will be very challenging, irrespective of the type of organ- 
ism. 

MATERLVLS AND METHODS 

Yeast strain and growth conditions. The source of protein and message tnin- 
scripl.s for all experiments was YPH499 {MATa nraJ-52 lys2'!iOJ aJc2'I0i 
Itii2-Al hi\3-^20(> (3U). I.ogariihmically growing cells were obtained by 

growing ycasi cells to early log phase (3 X cells/ml) in YPD rich medium 
( YPD supplcmenied with t» mM uracil, 4.8 mM adenine, and 24 mM ti^piophiuU 
:u 3t)"C (35). Metabolic labeling of protein was accomplished in Y1*D medium 



exactly as described elsewhere (4) with the exception that 1 ml of cells was 
labeled with 3 mCi to ofl'sei methionine present in YPD medium. Protein was 
harvested as described by Garrets and coworkers (12). Harvested protein was 
lyophilizcd, resuspended in isoelectric focusing gel rehydration solution, and 
stored at -S{fC. 

2DE. Soluble proteins were run in the first dimension by using a commercial 
Halbed electrophoresis system (Multiphor II; Phannacia Biotech). Immobilized 
polyacrylamidc.gel (IPG) dry strips with nonlinear pH 3.0 to 10.0 gradients 
(Amcrsham-Pharmacia Biotech) were u.scd for the first-dimension separation. 
Forty micrograms of protein from whole-cell lysaics was mixed with IPG strip 
rehydration buffer (8 M urea, 2% Nonidci P-4U, 10 mM dithiolhreilol), and 250 
to 380 n-l of solution was added to individual lanes of an IPG strip rehydration 
tray (Amcrsham-Pharmacia Biotech). The strips were allowed to rchydrate at 
room temperature for I H. The s;implcs were run at 300 V-IO mA-5 W for 2 h, 
then ramped to 3,500 V-10 mA-5 W over a period of 3 h. and then kept at 3,500 
V-10 mA-5 W for 15 to 19 h. At the end of the first-dimension run (60 to 70 kV- 
h), the IPG strips were recqnilibrated for 8 niin in 2% (wi/vol) dithioihrciiol in 
2% (wi/vol) SDS-6 M urca-30% (wt/vol) gIycerol-0.05 M Tris MCI (pi 1 6.8) and 
for 4 min in 2.5% iodoacetarnidc in 2% (wi;VoI) SDS-6 M urca-300;; (wt/vol) 
glycerol-n.()5 M Tris HCl (pM 6.8). Following rccquilihration. the strips were 
transferred and apposed to 10% polyacrylamidc .second-dimension gels. Poly- 
acrylamidc gels were poured in a casting stand with lOV?- acrvlamidc-2.67'i;.' 
pipenwinc diacrylamidc-0.375 M Trishasc-HG (pH 8.8)-^l.l% (w^^ol)SDS-0.05';i 
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FIG. 2. 2D silver-slained gel of the proteins in yeast total cell lysate. Proteins were separated in the first dimension (horizontal) by isoelectric focusing and then in 
the second dimension (vertical) by molecular weight sieving. Protein spots (156) were chosen to include the entire range of molecular weights, isoelectric focusing points, 
and staining intensities. Spots were excised, and the corresponding protein was identified by mass spectrometry and database searching. The spots are labeled on the 
gel and correspond to the data presented in Table 1. Molecular weights arc given In thousands. 



(wt/vol) ammonium pcrsuIfatc-0.05% TEMED {NJ^J^'J^'-tetTamexhylethy}- 
encdiamine) in Milli-0 water. The apparatus used to run second -dimension gels 
was a noncammcrcial apparnius from Oxford Glycoscicnces, Inc. Once the IPG 
.strips were apposed to the second-dimension gels, they were immediately run at 
50 mA (conslant)-500 V-85 W for 20 min, followed by 200 mA (constant)-500 
V-85 W until the buffer from line was 10 to 15 mm from the bottom of the gcl. 
Gels were removed and silver stained according to the procedure of Shcvchcnko 
ct a I. (29). 

Protein identification. Gels were exposed to X-ray film overnight, and then the 
silver .staining :md film were used to excise 156 spots of varying intensities, 
molecular weights, and isoelectric focusing points. In order in increase the 
detection limit by mass spectrometry, spots were cut out and pcHjIcd from up to 
four identical cold, silvcr-staincd gels. In-gcl tryptic digests of pooled spots were 
performed as described previously (29). Tryptic peptides were analyzed by mi- 
cjocapillary LC-MS with automated switching to MS/TVIS mode for peptide 
fragmentation. Sj>cctra were searched against the composite OWL protein se- 
quence database (version 3U.2: 250,514 proicin sequences) (2*43) by using the 
computer program Sequcst (8), which niaiches theoretical and acquired tandem 
ma.ss spectra. A protein match was determined by comparing the numl>cr of 
peptides identified and their respective cro.ss-corrclation scores. All protein 
idcniiticHlions were verified by ctimparison with thci)rctical molecular weights 
and isiKleciric pi>inls. 



mRNA quantitation. Vclculescu and coworkers have previously generated 
frequency tables for yeast mRNA transcripts from the same strain grown under 
the same stated conditions as descTibed herein (35). The SAGE technology is 
based on two main principles. First, a short sequence tag (15 bp) that contains 
suftkicni information uniquely to identify a transcript is generated. A .single tag 
is usually generated from each mRNA iraascript in the cell which corresponds to 
15 bp at the 3'-niosi cutting site for Nla]U. Second, many transcript lags can be 
concatenated into a single molecule and then sequenced, revealing the identity of 
multiple tags simultaneously. Over 20,000 transcripts were sequenced from yeast 
strain YPH499 growing at mid-log phase on glucose. Assuming the previously 
derived estimate of 15,000 mRNA molecules per cell (16), this would rcprescnl 
a 1.3-fold coverage even lor mRNA molecules present at a single copy per cell 
and would provide a 72''' probability of delecting such transcripts. Computer 
software which took for input the gene detected, examined the nucleotide 
quence, and performed the calculation as described by Vclculescu and aiworkers 
(.^5) was written. In practice, we found that for 21 of 128 (16%) genes examined 
viable mRNA levels from SAGE data could i>ot be calculated. This was because 
(i) no CATG site was found in the open reading frame (ORF). (ii) a CATC site 
was found but the corres|-H)nding lO-bp putative SAGE tag was not found in the 
frequency tables, or (iii) identical putative SAGE tag.< were present for multiple 
genes (c.g., TI)H2_YEA.ST and 'ri:)H3_YEAS T). 



Vou 19, 1999 correlation' BETWEEN PROTEIN AND mRNA LEVELS IN YEAST 1723 

TABLE 1. Expressed genes identified from 2D gel in Fig. 2 TABLE \— Continued 



Mol wt 


Pl 


Spot no. 


YPD gene 
name" 


X iUlCIIl 

abundance 
(10* copies/ 
ccU) 


mRNA 
abundance 
(copies/a:ll) 


Codon 
bias 


17,259 


6.75 


133 


CPRl 


15.2 


61.7 


0.769 


18,702 


4.80 


83 


EGD2 


20.1 


5.2 


0.724 


18,726 


4.44 


147 


YKL056C 


61.2 


88.4 


0.831 


18,978 


5.95 


135 


YER067W 


3.7 


6.7 


0.118 


19,108 


5.04 


130 


YLR109W 


94.4 


9,7 


0.680 


19,681 


9.08 


136 


ATP7 


11.0 


NA*"^ 


0.246 


20,505 


6-07 


111 


GUKl 


16.5 


3.7 


0.422 


21,444 


5.25 


148 


SARI 


5.4 


10.4 


0.455 


21,583 


4.98 


95 


TSAl 


110.6 


40.1 


0.845 


22,602 


4.30 


80 


EFBl 


66.1 


23.8 


0.875 


23,079 


6.29 


112 


SOD2 


12.6 


2.2 


0351 


23,743 


5.44 


137 


HSP26 


NA** 


0.7 


0.434 


24,033 


5.97 


96 


ADKl 


17.4 


16.4 


0.656 


24,058 


4.43 


143 


YKL117W 


29.2 


10,4 


0.339 


24,353 


6.30 


140 


TFSl 


8.1 


0.7 


0.146 


24,662 


5.85 


99 


URA5 


25.4 


6.0 


0-359 


24,808 


6.33 


97 


GSPl 


26.3 


5.2 


0.735 


24.908 


8.73 


122 - 


RPS5 


18.6 


NA*^ 


0.899 


25,081 


4.65 


81 


MRP8 


9.3 


NA^ 


0.241 


25,960 


6.06 


116 


RPEl 


5.8 


0.7 


0.372 


26,378 


9.55 


127 


RPS3 


96.8 


NA*^ 


0.863 


26,467 


5.18 


100 


VMA4 


10.5 


3.7 


0.427 


26,661 


5.84 


98 


TPll 


NA^ 


NA" 


0.900 


27,156 


5.56 


93 


PRE8 


6.9 


0.7 


0.129 


27,334 


6.13 


115 


YHR049W 


18.4 


2.2 


0.520 


27,472 


5.33 


92 


YNLOlOW 


31.6 


3.7 


0.421 


27,480 


8.95 


123 


GPMl 


10.0 


169.4 


0.902 


27,480 


8.95 


124 


GPMl 


231.4 


169.4 


0.902 


27,480 


8.95 


125 


GPMl 


7.5 


169.4 


0.902 


27,809 


5.97 


139 


HOR2 


5.7 


0.7 


0.381 


27,874 


4.46 


78 


YST3 


13.6 


52.8 


0.805 


28,595 


4.51 


41 


PUP2 


4.4 


0.7 


0.147 


29,156 


6.59 


114 


YMR226C 


14.5 


2.2 


0.283 


29,244 


8.40 


120 


DPMI 


5.0 


11.2 


0.362 


29,443 


5.91 


48 


PRE4 


3-4 


3.7 


0.162 


30,012 


6.39 


138 


PRBl 


21.2 


1.5 


0.449 


30,073 


4.63 


77 


BMHl 


14.7 


28.2 


0.454 


30,296 


7.94 


121 


0MP2 


67.4 


41.6 


0.499 


30,435 


6.34 


89 


GPPl 


70.2 


11.2 


0.703 


31.332 


5.57 


88 


1LV6 


13.9 


3.0 


0.402 


32.159 


5.46 


113 


IPPl 


63.1 


3.7 


0.752 


32,263 


6.00 


149 


HISl 


22.4 


4.5 


0.232 


33311 


5.35 


84 


SPE3 


15.1 


6.7 


0.468 


34,465 


5.60 


129 


ADEl 


8.7 


5.2 


0.305 


34,762 


5.32 


85 


SEC14 


10.9 


6.0 


0.373 


34,797 


5.85 


42 


URAl 


49.5 


8.9 


0.237 


34,799 


6.04 


90 


BELl 


103.2 


81.0 


0.875 


35,556 


5.97 


43 


YDL124W 


6.4 


4.5 


0.206 


35,619 


8.41 


59 


TDHl 


69.8 


32,7^ 


0.940 


35,650 


5.49 


68 


CARl 


5.2 


3.0 


0.339 


35,712 


6.72 


117 


TDH2 


49.6 


473.0^' 


0.982 


35,712 


6.72 


. 154* 


TDH2 


863.5 


473.0" 


0.982 


35,712 


6.72 


155 


TDH2 


79.4 


473.0" 


0.982 


36,272 


4.85 


128 


APAl 


8.7 


0.7 


0.425 


36,358 


5.05 


75 


YJR105W 


17,6 


17-1 


0.522 


36.358 


5.05 


76 


YJR105W 


27.5 


I7-I 


0.522 


36.596 


6.37 


79 


ADH2 


58.9 


260.(r 


0.711 


36.714 


6.30 


102 


ADHl 


746-1 


260.0 


0.913 


.36,714 


6.30 


103 


ADH1 


17.6 


260.0 


0.913 


36.714 


6.30 


104 


ADHl 


61.4 


260.0 


0.913 


36.714 


6..'^0 


105 


ADHl 


52.7 


260.0 


0.913 


37.033 


6.23 


44 


lALJ 


44.8 


3.7 


0.701 


37.796 


7..36 


57 


iDH2 


29-4 


6.7 


0.3-30 


37.886 


6.49 


106 


1LV5 


76.0 


4.5 


0.892 


38,700 


7.83 


55 


BAIl 


30-9 


11.2 


0.469 


38,702 


6.24 


46 


0CR2 


NA*^ 


2.2 


0.326 



Mol wt 


pl 


Spot no. 


YPD gene 
name' 


Protein 

(KP copies/ 
cell) 


mRNA 
abundance 
(copies/ceU) 


Codon 
bias 


39,477 


5.58 


86 


FBAl 


17.8 


183.6 


0.935 


39,477 


5.58 


87 


FBAl 


427.2 


183.6 


0-935 


39,540 


6-50- 


150 


HOM2 


60.3 


4.5 


0.592 


39^61 


6.12 


156 


PSAl 


96.4 


273 


0.718 


41,158 


6.01 


49 


YNL134C 


14.9 


13 


0316 


41,623 


7.18 


58 


BAT2 


19.0 


8.9 


0.250 


41,728 


7.29 


110 


ERGIO 


24.1 


43 


0343 


41,900 


5.42 


74 


TOM40 


22.3 


2.2 


0375 


42,402 


6.29 


45 


CYS3 


6.7 


8.9 


0.621 


42,883 


5.63 


67 


DYSl 


15.8 


5.2 


0326 


43,409 


6.31 


107 


SERl 


10.5 


13 


0.292 


43,421 


5.59 


91 


ERG6 


2.2 


14.1 


0.408 


44,174 


732 


56 


YBR025C 


13.1 


6.0 


0.684 


44,682 


4.99 


72 


TIFl 


2.9 


39.4 


0.834 


44,707 


7.77 


108 


PGKl 


23.7 


165.7 


0.897 


44,707 


7.77 


109 


PGKl 


315.2 


165.7 


0.897 


46,080 


6.72 


30 


CAR2 


■ 15.4 


NA' 


0.495 


46,383 


8.52 


53 


IDPl 


7.7 


0.7 


0.436 


46,553 


5.98 


47 


1DP2 


32.4 


NA^ 


0.197 


46,679 


6.39 


50 


ENOl 


35.4 


0.7 


0.930 


46,679 


6.39 


51 


ENOl 


6.6 


0.7 


0.930 


46,679 


6.39 


52 


ENOl 


2.2 


0.7 


0.930 


46,773 


5.82 


63 


EN02 


15.5 


289.1 


0.960 


46,773 


5.82 


64 


EN02 


635.5 


289.1 


0.960 


46,773 


5.82 


65 


EN02 


93.0 


289.1 


0.960 


46,773 


5.82 


66 


EN02 


31.0 


289.1 


0.960 


47,402 


6.09 


126 


CORl 


2.5 


0.7 


0.422 


47,666 


8.98 


54 


AAT2 


11.7 


6.0 


0.338 


48.364 


5-25 


73 


WTMl 


74.5 


13.4 


0.365 


48,530 


6.20 


61 


MET17 


38-1 


29.0 


0.576 


48,904 


5.18 


69 


LYS9 


16.2 


3.7 


0.463 


48,987 


4.90 


153 


SUP45 


29.6 


11.9 


0.377 


49.727 


5.47 


70 


PR02 


13.6 


5.2 


0.297 


49,912 


9.27 


62 


TEF2 


558.5 


282.0 


0-932 


50,444 


5-67 


35 


YDR190C 


4.8 


2.2 


0.228 


50,837 


6.11 


32 


YEL047C 


3.8 


13 


0.387 


50,891 


4-59 


151 


TUB2 


11.2 


7-4 


0.404 


51,547 


6.80 


27 


LPDl 


18.9 


2-2 


0.351 


52,216 


7.25 


29 


SHM2 


19.7 


7.4 


0.722 


52,859 


5.54 


37 


YFR044C 


30.2 


6.7 


0.442 


53,798 


5.19 


71 


HXK2 


26.5 


7.4 


0.756 


53,803 


6-05 


145 


GYP6 


4.4 


0.7 


0.147 


54,403 


5.29 


39 


ALD6 


37.7 


2.2 


0.664 


54,403 


5.29 


40 


ALD6 


6.6 


2.2 


0.664 


54,502 


6.20 


31 


ADE13 


6.3 


13 


0.417 


54,543 


7.75 


25 


PYKl 


225.3 


101.8 


0.965 


54,543 


7.75 


26 


PYKl 


39.8 


101.8 


0.965 


55,221 


6.66 


146 


YEL071W 


16.3 


3.0 


0.244 


55,295 


4.35 


134 


PDll 


66.2 


14.1 


0389 


55,364 


5.98 


24 


GLKl 


22.6 


6.0 


0.237 


55.481 


7.97 


1J8 


ATPl 


21.6 


2.2 


0.637 


55.886 


6.47 


28 


CYS4 


22.2 


NA" 


0.444 


56.167 


5.83 


33 


AR08 


143 


3.0 


0.324 


56,167 


5.83 


34 


. AR08 


9.1 


3.0 


0324 


56384 


6-36 


20 


CYB2 


18.9 


NA' 


0-259 


57,366 


5-53 


60 


FRS2 


23 


0.7 


0.451 


57,383 


5.98 


144 


ZWFl 


5.6 


0.7 


0.215 


57,464 


5.49 


36 


THR4 


21.4 


3.7 


0.508 


57,512 


5.50 


7 


SRV2 


6.5 


NA' 


0.260 


57,727 


4.92 


1.52 


VMA2 


33.7 


8.9 


0.546 


58p73 


6.47 


17 


ACHI 


4.4 


13 


0-327 


58,573 


6.47 


18 


ACHl 


5.4 


13 


0.327 


61,353 


5.87 


21 


PDCl 


6.5 


200.7 


0.962 


61,353 


5.87 


22 


PDCl 


303.2 


200.7 


0.962 


61,353 


5.87 


23 


PDCl 


J 6.3 


200.7 


0.962 


61,649 


5.54 


38 


ccr8 


2 2 


13 


0.271 



Continued 
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TABLE \-^ontinu€d 



Mol wt 


pl 


Spot no. 


YPD gene 
name*' 


Protein 
abundance 
(10^ copies/ 
cell) 


mRNA 
abundance 
(copies/cell) 


Codon 
bias 


61,902 


6.21 


101 


PDC5 


4.3 


NA*^ 


0.828 


62,266 


6.19 


16 


ICLl 


20.1 


NA*^ 


0.327 


62,862 


8.02 


19 


1LV3 


5.3 


4.5 


0.548 


63,082 


6.40 


119 


PGM2 


2.2 


3.0 


0.402 


64,335 


5.77 


5 


PABl 


30.4 


1.5 


0.616 


66,120 


5.42 


8 


STIl 


6.7 


0.7 


0.313 


66,120 


5.42 


9 


STIl . 


6.4 


0.7 


0.313 


66,450 


5.29 


141 


SSB2 


7.0 


NA*^ 


0.880 


66,450 


5.29 


142 


SSB2 


2.3 


NA^ 


0.880 


66,456 


5.23 


10 


SSBl 


64.5 


79.5 


0.907 


66,456 


5.23 


11 


SSBl 


59.0 


79.5 


0.907 


66,456 


5.23 


12 


SSBl 


13.7 


79.5 


0.907 


68,397 


5.82 


82 


LEU4 


3.1 


3.0 


0.407 


69,313 


4.90 


13 


SSA2 


24.3 


18.6 


0.892 


69,313 


4.90 


14 


SSA2 


77.1 


18.6 


0.892 


74^78 


8.46 


15 


YKL029C 


2.8 


3.7 


0.353 


75,396 


5.82 


6 


GRSl 


5.5 


7.4 


0.500 


85,720 


6.25 


1 


MET6 


2.0 


NA' 


0.772 


85,720 


6.25 


2 


MET6 


10.9 


NA*^ 


0.772 


85J20 


6.25 


3 


MET6 


1.4 


NA*^ 


0.772 


93,276 


6.11 


131. 


EFTl 


17.9 


41.6 


0.890 


93,276 


6.11 


.132' 


EFll 


5.7 


41.6 


0.890 


102,064* 


6.6r 


94 


ADE3 


•4.8 


5.2 


0.423 


107,48r 


5.33''" 


4 


MCM3 


2.7 


NA*-' 


0.240 



" YPD gene names arc available from the YPD website (39). 
^ NA, calculation could not be performed or was not available. 
*■ mRNA data inconclusive or NA. 
No methionines in predicted ORF: therefore, protein concentration was not 
determined. 

Measured molecular weight or pi did not match theoretical molecular weight 
or pl. 



.Protein quantitation. |^^S]methionine-labeled gels were exposed to X-ray film 
overnight, and then the silver stain and film were used to excise 156 spots of 
var>'ing intensities, molecular weights, and pis. The excised spots were placed in 
0.6-mI microcentrifuge tubes, and scintillation cocktail (100 ii.]) was added. The 
samples were vortexcd and counted. In addition, two parallel gels were electro- 
blotted to polyvinylidenc difluoridc membranes. The membranes were exposed 
to X-ray film, and four intense single sptils were excised from each membrane 
and subjected to amino acid analysis. For these four spots, a mean of 209 ± 4 
cpm/pmol of protein/methionine was found. This number was used to quantitatc 
all remaining spots in conjunction with the number of methionines present in the 
protein. 

To ensure that proteins were labeled to equilibrium, parallel 2D gels were 
prepared and run on yeast metabolically labeled for 1, 2, 6, or 18 h. The 
corres})onding 156 spots were excised from each gcl, and radioactivity was mea- 
sured by liquid scintillation counting for each spot. Calculated protein levels were 
highly reproducible for all time points measured after I h. 

Calculation of codon bias and predicted halMlfe. Codon bias values were 
extracted from the YPD spreadsheet (17). Protein half-lives were calculated 
based on the N-cnd rule (33). When the N-tcrminal processing whs not known 
experimentally, it was predicted based on the aftinity of methionine aminopep- 
tidasc (31). ' 

RESULTS 

Chamcieristics of proteonie approach. Nearly every facet of 
proteome analysis hinges on the unambiguous icienlificalion of 
large numbers of expressed proteins in cells. Several tech- 
niques have been described previously for the identification of 
proteins separated by 2DE. including N-terminal and internal 
sequencing (], 2), amino acid analysis (38), and more recently 
mass spectrometry (25). We utilized techniques based on mass 
spectrometry because they aflbrd the highest levels of sensitiv- 
ity and provide unambiguous identification. The specific pro- 
cedure used is schematically illustralcd in Fig. I and is based 
on three principles. First, proteins arc rcmovei! from the gel by 



proteolytic in-gel digestion, and the resulting peptides are sep- 
arated by on-line capillaiy high-performance liquid chromatog- 
raphy. Second, the eluting peptides are ionized and detected, and 
the specific peptide ions are selected and fragmented by the 
mass spectrometer. To achieve this, the mass spectrometer 
switches between the MS mode (for peptide mass identifica- 
tion) and the MS/MS mode (for peptide characterization and 
sequencing). Selected peptides are fragmented by a process 
called collision-induced dissociation (CID) to generate a tan- 
dem mass spectrum (MS/MS spectrum) that contains the pep- 
tide sequence information. Third, individual CID mass spectra 
are then compared by computer algorithms to predicted spec- 
tra from a sequence database. This results in the identification 
of the peptide and, by association, the protein(s) in the spot. 
Unambiguous protein identification is attained in a single anal- 
ysis by the detection of multiple peptides derived from the 
same protein. 

Protein identification. Yeast total cell protein lysate (40 jxg), 
metabolically labeled with p^SJmethionine, was electro- 
phoretically separated by isoelectric focusing in the first dimen- 
sion and by SDS-10% polyacrylamide gel electrophoresis in 
the second dimension. Proteins were visualized by silver stain- 
ing and by autoradiography. Of the more than 1,000 proteins 
visible by silver staining, 156 spots were excised from the gel 
and subjected to in-gel tryptic digestion, and the resulting 
peptides were analyzed and identified by microspray LO 
MS/MS techniques as described above. Tlie proteins in this 
study were all identified automatically by computer software 
with no human interpretation of mass spectra. They are indi- 
cated in Fig. 2 and detailed in Table 1. 

The CID spectra shown in Fig. 3 indicate that the quality of 
the identification data generated was suitable for unambiguous 
protein identification. The spectra represent the amino acid 
sequences of tryptic peptides NSGDIVNLGSIAGR (Fig. 3A) 
and FAVGAFTDSLR (Fig. 3B). Both peptides were derived 
from protein S57593 (hypothetical protein YMR226C), which 
migrated to spot 114 (molecular weight, 29,156; pl, 6.59) in the 
2D gel in Fig. 2. Five other peptides from the same analysis 
were also computer matched to the same protein sequence. 

Protein and mRNA quantitation. For the 156 genes investi- 
gated, the protein expression levels ranged from 2,200 (PGM2) 
to 863,000 (TDH2/TDH3) copies/ceil. The levels of mRNA for 
each of the genes identified were calculated from SAGE fre- 
quency tables (35). These tables contain the mRNA levels for 
4,665 genes in yeast strain YPH499 grown to mid-log phase in 
YPD medium on glucose as a carbon source. In some in- 
stances, the mRNA levels could not be calculated for reasons 
stated in Materials and Methods. For the proteins analyzed in 
this study, mean transcript levels varied from 0.7 to 473 copies/ 
cell. 

Selection of the sample population for mRNA-protein ex- 
pression level correlation. The protein spots selected for iden- 
tification were selected from spots vi.sible by silver staining in 
the 2D gel. An attempt was made not to include spots where 
overlap with other spots was readily apparent. The number of 
proteins identified was 156 (Table 1). Some proteins migrated 
to more than one spot (presumably due to diflerential protein 
processing or modifications), and protein levels from these 
spots were calculated by integrating the intensities of the dif- 
ferent spots. The 156 protein spots analyzed represented the 
products of 128 diflerent genes. Genes were excluded from the 
correlation analysis only if pan of the data set was mis.sing; i.e., 
genes were excluded if (i) no mRNA expression data were 
available for the protein or putative SAGE tags were ambig- 
U0U.S, (ii) the amino acid sequence did not contain methionine, 
(iii) more than a single protein was conclusively identified as 
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migrating to the same gel spot, or (iv) the theoretical and 
observed pis and molecular weights could not be reconciled. 
After the.se criteria were applied, the number of genes used in 
the correlation analysis was 106. 



Codtm bias and predicted half-lives. Codon bias is thought 
to be an indicator of protein expression, with highly expressed 
proteins having large codon bias values. The codon bias distri- 
bution for the entire set of more than 6,0(X) predicted yeast 
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gene ORFs is presented in Fig. 4A. The interval with the 
largest frequency of genes is between the codon bias values of 
0.0 and 0,1. This segment contains more than 2^00 genes. The 
distribution of the codon bias values of the 128 different genes 
found in this study (all protein spots from Fig. 2) is shown in 
Fig. 4B, and protein half-lives (predicted from applying the 
N-end rule [33] to the experimentally determined or predicted 
protein N termini) are shown in Fig. 4C. No genes were iden- 
tified with codon bias values less than 0.1 even though thou- 
sands of genes exist in this category. In addition, nearly all of 
the proteins identified had long predicted half-lives (greater 
than 30 h). 

Correlation of mRNA and protein expression levels. The 
correlation between mRNA and protein levels of the genes 
selected as described above is shown in Fig. 5. For the entire 
group (106 genes) for which a complete data set was gener- 
ated, there was a general trend of increased protein levels 
resulting from increased mRNA levels. The Pearson product 
moment correlation coefficient for the whole data set (106 
genes) was 0.935. This number is highly biased by a small 
number of genes with very large protein and message levels. A 
more representative subset of the data is shown in the inset of 
Fig. 5. It shows genes for which the message level was below 10 
copies/cell and includes 69% (73 of 106 genes) of the data used 
in the study. The Pearson product moment correlation coeffi- 
cient for this data set was only 0.356. We also found that levels 
of protein expression coded for by mRNA with comparable 
abundance varied by as much as 30-fold and that the mRNA 
levels coding for proteins with comparable expression levels 
varied by as much as 20-fold. 

The distortion of the correlation value induced by the un- 
even distribution of the data points along the x axis is further 
demonstrated by the analysis in Fig. 6. The 106 samples in- 
cluded in the study were ranked by protein abundance, and the 
Pearson product moment correlation coefficient was repeat- 
edly calculated after including progressively more, and higher- 
abundance, proteins in each calculation. The correlation values 
remained relatively stable in the range of 0.1 to 0.4 if the 
lowest-expressed 40 to 95 proteins used in this study were 
included. However, the correlation value steadily climbed by 
the inclusion of each of the 11 very highly expressed proteins. 

Correlation of protein and mRNA expression levels with 
codon bias. Codon bias is the propensity for a gene to utilize 
the same codon to encode an amino acid even though other 
codons would insert the identical amino acid in the growing 
polypeptide sequence. It is further thought that highly ex- 
pressed proteins have large codon biases (3). To assess the 
value of codon bias for predicting mRNA and protein levels in 
exponentially growing yeast cells, we plotted the two experi- 
mental sets of data versus the codon bias (Fig. 7). The distri- 
bution patterns for both mRNA and protein levels with respect 
to codon bias were highly similar. There was high variability in 
the data within the codon bias range of 0.8 to 1.0. Although a 
large codon bias generally resulted in higher protein and mes- 
sage expression levels, codon bias did not appear to be predic- 
tive of either protein levels or mRNA levels in the cell. 

DISCUSSION 

The desired end point for the description of a biological 
system is not the analysis of mRNA transcript levels alone but 
also the accurate measurement of protein expression levels and 
their respective activities. Quantitative analysis of global 
mRNA levels currently is a preferred method for the analysis 
of the stale of cells and ti.ssucs (1.1). Several methods which 
either provide absolute mRNA abundance (34, 35) or relative 
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mRNA levels in comparative analyses (20, 27) have been de- 
scribed elsewhere. Tlie techniques are fast and exquisitely sen- 
sitive and can provide mRNA abundance for potentially any 
expressed gene. Measured mRNA levels are often implicitly or 
explicitly extrapolated to indicate the levels of activity of the 
corresponding protein in the cell. Quantitative analysis of pro- 
tein expression levels (proteome analysis) is much more time- 
consuming because proteins are analyzed sequentially one by 
one and is not general because analyses are limited to the 
relatively highly expressed proteins. Proteome analysis does, 
however, provide types of data that are of critical importance 
for the description of the state of a biological system and that 
are not readily apparent from the sequence and the level of 
expression of the mRNA transcript. This study attempts to 
examine the relationship between mRNA and protein expres- 
sion levels for a large number of expressed genes in cells 
representing the same state. 

Limits in the sensitivity of current protein analy.sis technol- 
ogy precluded a completely random sampling of yea,st proteins. 
We therefore based the study on those proteins visible by silver 
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FIG. 5. Correlation between protein and mRNA levels for 106 genes in yeast growing at log phase with glucose as a carbon source. mRNA and protein levels were 
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69% of the original data set. The Pearson product moment correlation for the entire data set was 0.935. The correlation for the inset containing 73 proteins (69%) was 
only 0.356. 



Staining on a 2D gel. Of the more than 1,000 visible spots, 156 
were chosen to include the entire range of molecular weights, 
isoelectric focusing points, and staining intensities displayed on 
the 2D protein pattern. The genes identified in this study 
shared a number of properties. First, all of the proteins in this 
study had a codon bias of greater than 0.1 and 93% were 
greater than 0.2 (Fig. 4B). Second, with few exceptions, the 
proteins in this study had long predicted half-lives according to 
the N-end rule (Fig. 4C). Third, low-abundance proteins with 
regulator)' functions such as transcription factors or protein 
kinases were not identified. 

Because the population of proteins used in this study ap- 
pears to be fairly homogeneous with respect to predicted half- 
life and codon bias, it might be expected that the correlation of 
the mRNA and protein expression levels would be stronger for 
this population than for a random sample of yeast proteins. We 
tested this assumption by evaluating the correlation value if 
different subsets of the available data were included in the 
calculation. The J 06 proteins were ranked from lowest to high- 
est protein expression level, and the trend in the correlation 
value was evaluated by progressively including more of the 
higher-abundance proteins in the calculation (Fig. 6). The cor- 
relation value when only the lower-abundance 40 to 93 pro- 
teins were examined was consistently between 0.1 and 0.4. If 
the 11 most abundant proteins were included, the correlation 
steadily increased to 0.94. We therefore expect that the corre- 
lation for all yeast proteins or for a random selection would be 
less than 0.4. The observed level of correlation between 
mRNA and protein expression levels suggests the importance 



of posttranslational mechanisms controlling gene expression. 
Such mechanisms include translational control (15) and con- 
trol of protein half-life (33). Since these mechanisms are also 
active in higher eukaryotic cells, we speculate that there is no 
predictive correlation between steady-state levels of mRNA 
and those of protein in mammalian cells. 

Like other large-scale analyses, the present study has several 
potential sources of error related to the methods used to de- 
termine mRNA and protein expression levels. The mRNA 
levels were calculated from frequenc7 tables of SAGE data. 
This method is highly quantitative because it is based on actual 
sequencing of unique tags from each gene, and the number of 
times that a tag is represented is proportional to the number of 
mRNA molecules for a specific gene. This method has some 
limitations including the following: (i) the magnitude of the 
error in the measurement of mRNA levels is inversely propor- 
tional to the mRNA levels, (ii) SAGE tags from highly similar 
genes may not be distinguished and therefore are summed, (iii) 
some SAGE lags are from sequences in the 3' untranslated 
region of the transcript, (iv) incomplete cleavage at the SAGE 
tag site by the restriction enzyme can result in two tags repre- 
senting one mRNA, and (v) some transcripts actually do not 
generate a SAGE tag (34, 35). 

For the SAGE method, the error associated with a value 
increases with a decreasing number of tran.scripts per cell. The 
conclusions drawn from this study are dependent on the qual- 
ity of the mRNA levels from previously published data (35), 
Since more than 65% of the mRNA levels included in this 
study were calculated to 10 copies/cell or less (40% were less 
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than 4 copies/cell), the error associated with these values may 
be quite large. The mRNA levels were calculated from more 
than 20,000 transcripts. Assuming that the estimate of 15,000 
mRNA molecules per cell is correct (16), this would mean that 
mRNA transcripts present at only a single copy per cell would 
be detected 72% of the time (35). The mRNA levels for each 
gene were carefully scrutinized, and only mRNA levels for 
which a high degree of confidence existed were included in the 
correlation value. 

Protein abundance was determined by metabolic radiolabel- 
ing with p'SJmethionine. The calculation required knowledge 
of three variables: the number of methionines in the mature 
protein, the radioactivity contained in the proteini and the 
specific activity of the radiolabel normalized per methionine. 
The number of methionines per protein was determined from 
the amino acid sequence of the proteins identified by tandem 
mass spectrometry. For some proteins, it was not known 
whether the methionine of the nascent polypeptide was pro- 
cessed away. The N termini of those proteins were predicted 
based on the specificity of methionine aminopeptidasc (31). If 
the N-terminal processing did not conform to the predicted 
specificit}' of processing enz>'mes, the calculation of the num- 
ber of methionines would be affected. This discrepancy' would 
affect most the quantitation of a protein with a ver>' low num- 
ber of methionines. The average number of calculated methi- 
onines per protein in this study was 7.2. We therefore expect 
the potential for erroneous protein quantitation due to un- 
usual N-terminal processing to be small. 



The amount of radioactivity contained in a single spot might 
be the sum of the radioactivity of comigrating proteins. Be- 
cause protein identification was based on tandem mass spec- 
trometric techniques, comigrating proteins could be identified. 
However, comigrating proteins were rarely detected in this 
study, most Hkely because relatively small amounts of total 
protein (40 |xg) were initially loaded onto the gels, which re- 
sulted in highly focused spots containing generally 1 to 25 ng of 
protein. Because of the relatively small amount loaded, the 
concentrations of any potentially comigrating protein would 
likely be below the limit of detection of the mass spectrometry 
technique used in this study (1 to 5 ng) and below the limit of 
visualization by silver staining (1 to 5 ng). In the overwhelming 
majorit)' of the samples analyzed, numerous peptides from a 
single protein were detected. It is assumed that any comigrat- 
ing proteins were at levels too low to be detected and that their 
influence in the calculation would be small. 

The specific activitj' of the radiolabel was determined by 
relating the precise amount of protein present in selected spots 
of a parallel gel, as determined by quantitative amino acid 
composition analysis, to the number of methionines present in 
the sequence of those proteins and the radioactivity deter- 
mined by liquid scintillation counting. It is possible that the 
resulting number might be influenced by unavoidable losses 
inherent in the amino acid analysis procedure applied. Because 
four different proteins were utilized in the calculation and the 
experiment was done in duplicate, the .specific activity calcu- 
lated is thought to be highly accurate. Indeed, the specific 
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FIG. 7. Relationship between codon bias and protein and mRNA levels in this study. Yeast mRNA and protein expression levels were calculated as described in 
MateriaJs and Methods. The data represent the same 106 genes as in Fig. S. 



activities calculated for each of the four proteins varied by less 
than 10%. Any inconsistencies in the calculation of the specific 
activity would result in differences in the absolute levels calcu- 
lated but not in the relative numbers and would therefore not 
influence the correlation value determined. 

The protein quantitative method used eliminates a number 
of potential errors inherent in previous methods for the quan- 
titation of proteins separated by 2DE, such as preferential 
protein staining and bias caused by inequalities in the number 
of radiolabeled residues per protein. Any 2D gel-based method 
of quantitation is complicated by the fact that in some cases the 
translation products of the same mRNA migrated to different 
spots. One major reason is posttranslational modification or 
processing of the protein. Also, artifactual proteolysis during 
cell lysis and sample preparation can lead to multiple resolved 
forms of the protein. In such cases, the protein levels of spots 
coded for by the same mRNA were pooled. In addition, the 
existence of other spots coded for by the same mRNA that 
were not analyzed by mass spectrometry or that were below the 
limit of detection for silver staining cannot be ruled out. How- 
ever, since this study is based on a class of highly expressed 
proteins, the presence of undetected minor spots below silver 
staining sensitivity corresponding to a protein analjfzed in the 
study would generally cause a relatively small error in protein 
quaiililation. 

Codon bias is a measure of the propensity of an organism to 
selectively utilize certain codons which result in the incorpo- 
ration of the same amino acid residue in a growing polypeptide 
chain. There are 61 possible codons that code for 20 amino 
acids. The larger the codon bias value, the smaller the number 
of codons that arc used to encode the protein (J 9). It is 



thought that codon bias is a measure of protein abundance 
because highly expressed proteins generally have large codon 
bias values (3, 13). 

Nearly all of the most highly expressed proteins had codon 
bias values of greater than 0.8. However, we detected a number 
of genes with high codon bias and relative low protein abun- 
dance (Fig. 7). For example, the expressed gene with both the 
second largest protein and mRNA levels in the study was 
EN02_ YEAST (775,000 and 289.1 copies/cell, respectively). 
ENOl YEAST was also present in the gel at much lower 
protein and mRNA levels (44,200 and 0.7 copies/cell, respec- 
tively). The codon bias values for EN02 and ENOl are similar 
(0.96 and 0.93, respectively), but the expression of the two 
genes is diflferentially regulated. Specifically, EN01_YEAST is 
glucose repressed (6) and was therefore present in low abun- 
dance under the conditions used. Other genes with large codon 
bias values that were not of high protein abundance in the gel 
include EFTl, TIFl, HXK2, GSPl, EGD2, SHM2, and TALI. 
We conclude that merely determining the codon bias of a gene 
is not sufficient to predict its protein expression level. 

Interestingly, codon bias appears to be an excellent indicator 
of the boundaries of current 2D gel proteome analysis tech- 
nology. There arc thousands of genes with expressed mRNA 
and likely expressed protein with codon bias values less than 
0.1 (Fig. 4A). In this study, we detected none of them, and only 
a very small percentage of the genes detected in this study had 
codon bias values between 0.1 and 0.2 (Fig. 4B). Indeed, in 
every examined yeast proteome study (5, 7, 13, 28) where the 
combined total number of identified proteins is 300 to 400, this 
.same obser\'ation is true. It is expected that for the more 
complex cells of higher cukaryotic organisms the detection of 
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low-abundance proteins would be even more challenging than 
^ for yeast. This indicates that highly abundant, long-lived pro- 
teins are overwhelmingly detected in proteome studies. If pro- 
teome analysis is to provide truly meaningful information 
about cellular processes, it must be able to penetrate to the 
level of regulatory proteins, including transcription factors and 
protein kinases. A promising approach is the use of narrow- 
range focusing gels with immobilized pH gradients (IPG) (23). 
This would allow for the loading of significantly more protein 
per pH unit ^covered and also provide increased resolution of 
proteins with similar electrophoretic mobilities. A standard pH 
gradient in an isoelectric focusing gel covers a 7-pH-unit range 
(pH 3 to 10) over 18 cm. A narrow-range focusing gel might 
expand the range to 0.5 pH units over 18 cm or more. This 
could potentially increase by more than 10-foId the number of 
proteins that can be detected. Clearly, current proteome tech- 
nology is incapable of analyzing low-abundance regulatory pro- 
teins without employing an enrichment method for relatively 
low-abundance proteins. In conclusion, this study examined 
the relationship between yeast protein and message levels and 
revealed that transcript levels provide little predictive value 
with respect to the extent of protein expression. 
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